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That the study of dielectric constants is 
one which, up till recent years, has received scant 
attention is largely due to the difficulty which has 
attended its determination by the old methods of 
Drude and Kernst. The introduction of the therm­
ionic valve has, however, provided experimenters with 
a simple source of alternating current and^besides 
other applications ( Wag staff,Phil.Mag. ,1934,^2., 66 ) it 
has "been employed by several workers in tne determ­
ination of dielectric constants ( Graf funder, Ann. Phys., 
1923,70,225; Grutzmacner,Z.Physik.,1924,26, 342;
Sayce and Briscoe ,J. C.S. ,1925,127,315 ). Tne method 
to he described now was tne result or an endeavour to 
obtain an apparatus which could be constructed easily 
from non-expensive materials and which would be simple 
to use but which, at the same time, would give results 
of a degree of accuracy sufficient to throw light on 
some matters of chemical interest.
The method used is based on one described 
by Jackson ( Phil.Mag. , 1922,£3.,482 ) and is similar to 
tnose used by Grutzmacher (loc.cit. ) and by Herweg 
(Deutaoh.Phys.Ges.ver. ,1919,SI,673 ). it consists 
essentially of two simple heterodyne circuits; one 
of these, termed hereafter for convenience tne 
receiver, is kept constant tnrougnout but the other 
the emitter, is provided with a variable condenser 
so that the frequency with which it oscillates may 
be/
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be varied. The emitter is also so constructed tnat 
a small condenser.,which may he filled either with 
air or some other substance?can he introduced in 
parallel with the variable condenser. The receiver 
will oscillate with a certain frequency determined by 
its inductance and capacity; so also will the emitter 
but it may be made to oscillate with the same frequency 
as the receiver by means of varying the capacity in 
the circuit. The point of resonance is determined 
by means of the heterodyne beat note, due to inter­
ference between the two circuits, detected by a 
telephone placed in the receiver circuit. If now the 
capacity necessary to bring the emitter into resonance 
be determined first with no condenser in parallel and 
then with the condenser filled with some substance in 
parallel, the difference between these two capacities 
gives the capacity of the condenser filled with that 
substance. The dielectric constant can then be got 
by dividing this value by that for the capacity of the 
condenser filled with air which can be determined in 
the same way.
The experimental arrangement, by wnich tne 
above described method was applied, is shown in fig.I,
The Receiver is mounted on an ebonite panel 
forming, the top of a wooden box. The condenser C 1 
is a variable one so tnat the wave length}at which 




The Emitter. The components of the emitter are 
mounted on small pieces of ebonite which are attached 
to a wooden hoard, the whole - with the exception of 
C the experimental condenser7to he described later - 
being covered with a - cardboard dust cover. The 
variable condensers of this circuit consist of C, , an 
air condenser^of capacity .0003 microfarads of the
i «Dubilier Vanicon type, and in parallel with it, for 
the purpose of making fine adjustment, a vernier 
condenser of the Polar micrometer type, whicn 
consists of two co-axial semi-cylinders capable of 
rotating one within the other. Each condenser is 
read by means of an elongated pointer of length 
6 inches on semicircular scales of a similar radius 
divided into 180 degrees. In order to remove the 
effect of body capacity, these condensers are adjusted 
by means of long ebonite handles of length 3 feet.
The inductance and reaction coils used are those 
supplied by Messrs Burndebt for radio work, the 
apparatus being so arranged that the coils can be 
interchanged if other wave lengths are desired.
The method of bringing the emitter into 
resonance with th_e receiver consists of setting the 
large variable condenser by means of a reading 
telescope to the sc,ale division nearest to resonance 
and then making the fine adjustment with the vernier 
condenser. The point of aero sound extends over 
10 degrees of the vernier; tne two points just where 
the/
3.
the sound, reappears, which ar_i5 quite sharply marked,
are read and the mid point or these two readings is
taken as the position or resonance» a source or
error occurs through inability to set the large
condenser accurately to the scale divisions hut this
is minimised Toy repeating each reading ten times and
taking the average or the vernier readings so obtained*
A typical set ox' readings consist or
64. 6,65» 1,64. 4,65. 6,64« 7 ,64. 1,64. 7 ,64. 2,64. 8,65» 0
average 64.7.
The variations are due partly to the reason stated
and partly to parallax errors in tne telescope readings
hut the averaging or ten readings was round to give
quite reprodUciMa.' results.
The Experimental Cell. In order to make use or
the method as described in the introduction, it is
essential to have as little capacity as possible in
the cell other than that between tne electrodes.
Otherwise if say tnere is a capacity O' or this nature,
and C sub. and C air be respectively the capacity
between the electrodes with substance and air as
dielectric, then the ratio determined is C sub. + C*
& air ”t~TTr'
which is different from the dielectric constant
C sub. The leads from the electrodes must be such,
C air
then that there is very little capacity between them 
and this is most easily attained in a cell as shown 




plates to willcn are welded 
stout platintoau.wires wiiicii 
are fused thrcugn tne sides 
or tne glass container.
Contact to these leads lb 
made "by means or letting them 
rest on snicics cut in two 
pieces or "brass mounted on 
ebonite, contact being en­
sured by the weight or the cel 
cell pressing downwards. The 
cell was closed by a cork 
carrying a thermometer to note the temperature or the 
determinations. The cell had capacity approximately 
.5 micro.micro.farads*
Calibration The apparatus was carefully
calibrated in the following manner. The experimental 
cell containing air was tightly corded and considered 
as a unit of capacity. The capacity of the cell was 
then measured at a number of places on tne vernier 
scale arid this enabled a calibration curve or the 
vernier condenser to be drawn in terms of this unit.
The large condenser was tnen calibrated against the 
vernier and values of the divisions on its scale, 
also in terms of this unit, were thus obtained. The 
advantage of this method, it is seen, lies in the fact 




of the capacity of the experimental cell containing
air and accordingly the dielectric constant can he
read directly from the capacity^in these units^of
the cell containing the given substance. This
removes the necessity of requiring to determine the
capacity of the cell with air for each substance
which saves a considerable amount of time and also,
; ;
saves the introduction possibly of quite a large 
error since a small error in the capacity of the ceil 
with air will cause a much greater error in the 
dielectric constant especially if trie latter is large. 
The method, however, requires that no cnange should 
take place in the capacity of the cell; in order 
to prevent any changes due to the expansion of the 
glass, the cell was not heated when being cleaned but 
was dried by washing with the usual organic solvents 
and removal by blowing of air. To guard against 
any change, the capacity of the cell with air was 
checked from time to time.
A method of calibration resembling this one 
has recently been described by Sayce and Briscoe 
(loc.cit. ) but, in place of the experimental cell, 
they use a small fixed capacity condenser as their 
unit.
ibcperlmental Pifficulties. At first, bright
emitter valves - M i  swan C type - were used but it 
was found that these valves were inclined to heat 
up causing variations in tne frequency of oscillat­
ion/
o s c i l l a t i o n .  By replacement o f  these by d u l l  em it te r  
v a lv e s  o f  the type  Qsram D .E .3 . th is  d i f f i c u l t y  was 
however l a r g e l y  overcome. In  a d d i t i o n ?these v a lv e s  
requ ire  v e r y  l i t t l e  cu rren t and ̂ consequently^are not 
so s u s c e p t ib le  to  s l i g h t  changes in  the output o f  the 
accumulators. To ensure tha t th e re  were no changes 
in  the frequ ency  o f  o s c i l l a t i o n ,  the zero  p o in t ,  i . e .  
the p o in t  o f  resonance w ithout the exper im en ta l c e i l ,  
was taken e i t h e r  b e fo r e  o r  a f t e r  each s e r i e s  o f  read­
ings but^when the apparatus was running w e l l^ v e r y  
l i t t l e  d i f f e r e n c e  was found throughout a short p er iod  
o f  tim e such as two hours.
One o f  the main problems which the method 
presented was the p r o v is io n  o f  a condenser o f  wide 
range which would g iv e  rep rod u c ib le  p o s i t io n s  in  i t s  
s e t t in g s .  A condenser w ith  mica d ie le c t r ic . ,  made by
< i
the P o la r  company^was t r i e d  but was not found to  be 
s u i ta b le .  The ' Vanicon condenser, however, which 
is  made by D u b i l ie r  r e a l l y  f o r  use as a standard f o r  
rad io  work_,was found to fu n c t io n  s a t i s f a c t o r i l y .  I t  
is  now recogn ized  tha t the use o f  a la r g e  number o f  
small condensers in  p a r a l l e l  would be more s u ita b le  
than a la r g e  v a r ia b le  condenser s in ce  th is  would 
remove the d i f f i c u l t y  o f  s e t t in g  such a condenser 
which, as c a r r ie d  out by averag ing  s e v e ra l  read in gs , 
proved somewhat la b o r iou s  and ted iou s .
W avelength. The w avelength  used was determined 
by means o f  a b u zze r  wave meter. The len g th  was 
kept /
kept constant throughout the experiments to be 
descr ibed  s h o r t ly ^ a t  a va lue o f  9s m etres , i . e .  the 
frequency was approx im ate ly  3 * IQfc c y c le s  per second.
Accuracy o f  Method. Each sca le  d i v i s i o n  o f  C f 
equ a lled  approx im ate ly  one u n it  and 25 s ca le  d iv is io n s  
o f  the v e r n ie r  corresponded to  a s ca le  d i v i s i o n  o f  C, . 
The v e r n ie r  condenser could be read a c c u ra te ly  w ith  
ease to  a q u a r te r  o f  a d i v i s i o n  and th e r e fo r e  the 
ca p a c ity  o f  C, could be read to  i/lQQth o f  a sca le  
d i v i s io n .  The c a p a c ity  o f  the exper im en ta l c e l l  
could thus be read to  a I/ I0 0 th  o f  a u n it  and as th is  
u n it  i s  the ca p a c ity  o f  the c e l l  w itn  a i r ,  the d i ­
e l e c t r i c  constant could be read a c c u ra te ly  to  .01.
In  p r a c t i c e  however?the d .c .  could not be repeated  
w ith  such accuracy due to e r ro r s  in troduced  through 
the d i f f i c u l t y  o f  read ing  the la r g e  condenser as 
descr ibed  bu t, from the f i g u r e s  noted be low , i t  i s  
es tim ated  tha t the d i e l e c t r i c  constant can be ob ta in ­
ed by th is  method w ith  an e r r o r  not exceed ing .02.
R esu lts .  By way o f  t e s t in g  the apparatus the 
d i e l e c t r i c  constants o f  some substances w itn  known 
d i e l e c t r i c  constant Yirere determ ined.
Benzene -  The substance used (KaJaLbauro fu r  
Analyse ) was d r ied  o v e r  sodium, and d i s t i l l e d  using 
a long f r a c t io n a t in g  column. a  constant b o i l in g  
f r a c t i o n  was ob ta in ed . In  o rd e r  to  show w ith  wnat 
degree o f  accuracy r e s u lts  are rep rod u c ib le  tne 
f ig u r e s  /
the f i g u r e s  go t  at room temperature ( g e n e r a l l y  ah out 
15°C. ) o v e r  a con s id e rab le  p er iod  o f  time are g iv en .
2 .2 8 ,2 .2 6 , 2 .2 7 ,2 .2 7 ,2 .2 9 ,2 .2 9 ,2 .2 6 ,2 .2 6 ,2 .2 7 ,2 .2 ? ,
average =■ 2.28.
A l t e r  a llowance f o r  d i f f e r e n c e  in  temperature (temp, 
c o e f f . o f  benzene =  .0016 per degree ) th is  va lu e  
compares fa vo u ra b ly  w ith  tnose ob ta in ed  by G ra ffunder 
( l o c . c i t .  ) 2 .268, t  =’25 °, and by Grutzmacher ( l o c .  c i t .  ) 
2.278, t  =25° both  o f  whom used s im i la r  methods and 
a lso  w ith  tha t o f  Is n a rd i  (Z .P n y s ik  1922,9^ 153)
2.268. t  = 25°? but i t  i s  ra th e r  h ig h e r  than tjhose go t  
r e c e n t ly  by Sayce and B r iscoe  ( l o c . c i t .  ) and by 
Harris  ( J. C. S. 1925,127,1065 ).
Ch loro form . The f i r s t  sample used (B.Ü.H. ) 
was d r ied  o v e r  calcium c h lo r id e  and d i s t i l l e d  using a 
moderate column. The f r a c t i o n  b o i l i n g  from 60.5°~ 61° 
was c o l l e c t e d  and d i e l e c t r i c  constant determ ined.
1 =  5.04, 5 .00 , 5 .01 , ' t  =  15°.
The second sample used was more c a r e fu l l y  p u r i f i e d ;  
i t  was a llow ed  to  stand o ve r  concentrated  su lphuric  
acid  f o r  s e v e r a l  days, then washed w ith  w a te r  and 
d r ied  o v e r  ca lc ium  c h lo r id e ;  on f r a c t i o n a l  d i s t i l l a t ­
ion  a f r a c t i o n  b o i l i n g  constant at 61° was obta ined
1 =  4 .89  t  = 14°
-  4 .85 t  =  16°
The temperature c o e f f i c i e n t  o f  ch loro form  (.0172 
per degree . Ratz. z e i t . f u r  Hays.Chem.,19,106. ) i s  
q u ite  cons iderab le  and?on making c o r r e c t io n  f o r  
tem perature/
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temperature these  f i g u r e s  are in  good agreement w ith  
one another. The va lu es  quoted in  the l i t e r a t u r e  va ry  
con s id erab ly  which i s  p robab ly  due to the change in  
the va lue  noted  here on fu r th e r  p u r i f i c a t i o n ;  the 
most re cen t  va lue  i s  m a t  g iv e n  by  h a r r is  ( l o c . c i t .  }i
who however used a d i f f e r e n t  method, k = 4 . 6417,
*
t  = 25° . This g iv e s  a s l i g h t l y  low er va lu e  than the 
one recorded  here but o th e r  experim enters ob ta in  
h igher  r e s u l t s ,  k = 4 .?60 , t= 2 5 ° ,  ( Is n a rd i  , l o c . c i t .  )
4.811. t = 25° . ( T a n g l , Ann. Phvs. 1903.10.748 ) and 4.962 
t  =25° . (  Grutziuacher l o c . c i t .  )
E th y l E tn e r . The sample used was washed s e v e ra l  
times w ith  sm all q u a n t i t i e s  o f  w a te r ,  d r ied  o ver  
calcium c h lo r id e ,  f i l t e r e d  and then d r ied  o ve r  sodium 
w ire .  I t  was f r a c t io n a t e d  th ree  times o v e r  phos­
phorous pen tox ide  and f r a c t i o n  b o i l in g  o v e r  h a l f  a 
degree was used ( B .P. 3 4 .5 ° -  35° ) 
k =  4. 50 t  = 11°
= 4 .44 t =  14°
These va lu es  compare v e r y  fa vo u ra b ly  w ith  
those g iv e n  in  tne l i t e r a t u r e ,  ( t e m p . e o e f f . = .0186 
per  d eg re e ,R a tz  l o c . c i t .  )
k = 4,37 t  = 16° Turner ( z e i t . f f i r  Pnys. Cnem. 1900 ,£&,3.8&) 
k =  4.35 t  = ISC oo lid ge  ( W ied.Ann.1899,69,125. )
Prom tnese  f i g u r e s , then, i t  i s  seen th a t ,  
s e t t in g  out from m a te r ia l  which can be r e a d i l y  obtair>- 
ed f o r  rad io  work, an apparatus has been constructed  
capable o f  g i v in g ,  q u i te  r a p id ly ,  va lu es  f o r  the 
d i e l e c t r i c  constant w ith  a degree o f  accuracy which^ 
though/
though not s u f f i c i e n t  to  in v e s t ig a t e  some o f  the 
important p h y s ic a l  aspec ts  o f  tne s u b je c t ,  s u f f i c e s  
f o r  the in v e s t ig a t io n s  o f  more chemical in t e r e s t  
to be d escr ib ed  now.
II*
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In  the past much work has been hone to  
endeavour to  f in d  a simple form ula ab le  to  g i v e  the 
Ph ys ica l p r o p e r t ie s  o f  a b in a ry  l i q u id  mixture from 
those o f  i t s  components. Most a t t e n t io n  has been 
g iv en ^ in  t h i s  d i r e c t  io n  ̂ to su r face  ten s ion  and 
v i s c o s i t y  but w ith  n e i th e r  has any success been 
ach ieved« In  p a r t i c u l a r , v i s c o s i t y  has been Very c lo s e ­
l y  s tud ied  f i r s t  by Dunstan ( J »Chem ,Soc,,1904.85,817 
e t  seq. ) and l a t t e r l y  by K enda ll ( J,Amer»CheiruSoc, 
1917,3.95 1787 e t  seq , ); the l a t t e r  s tud ied  m ixtures 
Which from  o th e r  da ta  could be regarded  as n e a r ly  
id e a l  but found th a t ,  even w ijh n  these m ix tu res , no 
form ula agreed w ith  the exper im en ta l r e s u l t s ,  Very 
l i t t l e ,  work, however, has been done on the d i e l e c t r i c  
constants o f  such l i q u id  m ixtures which is  su rp r is in g  
as more success i s  p robab le  w ith  the d i e l e c t r i c  
con s tan t,a  s t a t i c  p roperty^ than  w ith  e i t h e r  o f  the 
p ro p e r t ie s  mentioned* which are both e s s e n t i a l l y  
k in e t i c .  This Iqck  o f  exper im en ta l knowledge is  
Probably due to  the d i f f i c u l t y ,  a lrea d y  mentioned, in
the d e te rm in a tion  o f  d i e l e c t r i c  constant ra th e r  than
any
to/d is rega rd  o f  the importance o f  such d a ta . An 
apparatus, as d e s c r ib e d ,  however a llow s o f  a simple- 
determ in a tion  o f  t h i s  p rop erty  a i f j i  by means o f  i t ? 
an in v e s t i g a t io n  o f  the d i e l e c t r i c  constants o f  
l iq u id /
The D ie le c t r i c Constants or Binary L iqu id Mixtures ,
1 3 »
l i q u id  m ixtures has been ca r r ie d  out w ith  v e r y  in t e r ­
e s t in g  r e s u lts *
The d i e l e c t r i c  constant o f  a substance is  
d e f ined  as the r a t i o . . o f  the c a p a c ity  o f  a condenser 
f i l l e d  w ith  that substance to  tha t o f  the same con­
denser con ta in in g  a vacuum» Thus, by th is  d e f in i t i o n  
i t  i s  a p ro p e r ty  o f  a c e r t a in  volume o f  substance, 
and when two d i e l e c t r i c  constants are compared, the 
p ro p e r t ie s  o f  the numbers o f  m olecu les  o f  the two 
substances conta ined in  equal volumes are compared*
I t  f o l l o w s  then , when c e r ta in  volumes o f  two l iq u id s  
are mixed, that i f  ( I )  the d i e l e c t r i c  p r o p e r t i e s  o f  
the two Kinds o f  m olecu les remain the same as b e fo r e  
mixing and i f  ( 2 )  the r e s p e c t iv e  m olecu les r e t a in  the 
same volume in  the m ixture as in  the pure s ta t e s  
( i . e .  the t o t a l  space i s  not shared e q u a l ly  amongst 
the d i f f e r e n t  Kinds o f  m olecu les X, then the d i e l e c t r i c  
constant o f  the m ix tu re ■should be obta ined  by adding 
to g e th e r  the volume percen tage  f r a c t io n s  o f  the d i ­
e l e c t r i c  constants  o f  the two com pon en ts , i .e . the 
ru le  obeyed should be the one put forward by S i lb e r -  
s t e in  ( Wled.Ann. 1895,5.6 ,661 );
K  =  K .  V .  +  K ^ . V a  
V , t  V a
where K lc, and K0 are the d i e l e c t r i c  constants o f  the 
mixture and the two components and v, and v a are  the 
volumes p resen t o f  the two components.
This formula does not a l lo w  o f  any change
o f /
or volume on m ixing Tout f o r  m ixtures in  which the7
change is slight this ru le  should he obeyed approx­
imately» Large volume changes generally are due to 
changes such as association taking place and these 
w i l l  In f lu en ce  tne d i e l e c t r i c  p r o p e r t ie s  o f  the mole­
cu les ; in what way this occurs can on ly  he found hy 
observ ing  e x p e r im e n ta l ly  the nature o f  the d e v ia t io n  
from Silh.e ra te  in .'s  Lav?.
S i lh e r s t e in  ( l o c . c i t .  ) found th a t  t h is  form - , 
u la  he ld  f o r  a m ixture o f  benzene and phenyl a c e ta te .  
L in eba rger  ( Ze lt.Phys.Chem . .1896.20.131 ). Crude ( i b i d ,  
I8 9? ,2 3 ,30 I ) and P h i l ip s !  i b id ,  1897 ,¿¡4,18 ) a l l  f a i l e d  
to  f in d  agreement w ith  th is  fo rm ula  which le d  
P h i l ip  to  suggest another;
v J i L r - J  i o o =  ' t — l  P i +  ' O L c u i -  ( I 0 0  _  P ( )
where k , -and k and k^are as b e fo r e ,  p , i s  the p e r ­
centage. com position  by weigh t o f  one component and 
a , , cL, are the d e n s i t i e s  r e s p e c t i v e l y  o f  tne m ixture 
and the two components. He,how ever,on ly  quotes two 
m ixtures, benzene -  e th e r  and ch loro fo rm  -  carbon 
d isu lph ide  which g i v e  c lo s e  agreement. c o b ro s e rd o f f
( -r.mss.Phys.Chem.Soc. 1912,44,679 ) in v e s t ig a t e d  a la r g e  
number o f  m ixtures ob ta in ed  from non a sso c ia ted  
o rgan ic  l i q u id s ;  he c l a s s i f i e d  h is  r e s u l t s  accord ing 
to the curves o f  d i e l e c t r i c  constant aga in st percen t­
age com position  and ob ta ined  th ree  groups ( a )  s t r a ig h t  
l in e  curves (b ) curves concave and ( c )  curves convex 
to  ax is  o f  co n cen tra t io n . Hone o f  the m ixtures 
obeyed/
14.
obeyed P h i l ip ’s fo rm ula  but 'those o f  group ( a )
fo l low ed  S t lb e r s t a in 's  v o lu m e tr ic  m ixture ru le
.
approx im ate ly . The d e v ia t io n s  o f  groups (b  ) and ( c )  
from the s t r a ig h t  l i n e  were exp la in ed  a3 due to  the
fo rm ation  o f  chem ical compounds; as one o r  tne compon-
.
ents o f  many o f  these m ixtures was such an inert., 
substance as benzene-, heptane o r  carbon t e t r a c h lo r id e  
th is  ex p la n a t io n ,  however, h a rd ly  seems v e r y  f e a s ib l e  
and W ith  a v iew  to fu r th e r  t e s t in g  i t , a n  in v e s t i g a t i o n  
was s ta r te d  w i th  m ixtures ? one component o f  which was 
benzene and tne o th e r  a benzene d e r i v a t i v e  which 
would not be expected  to  en te r  in to  chem ical combinat­
ion* The r e s u l ts  ob ta in ed  are g iv e n  in  the next 
paragraph.
Experimen ta l  P a r t .
The r e s u l t s  ob ta in ed  are tab u la ted  in  the 
fo l lo w in g  pages. In  g e n e ra l ,  fou r  d i f f e r e n t  con­
cen tra t ion s  were taken f o r  each m ix tu re ; tne m ixtures 
were made up by means o f  p ip e t t in g  the requ ired  
volumes and these were checked by w eigh t w ith  the 
excep t ion  o f  "the f i r s t  few m ixtures which were in ­
v e s t ig a te d .  In  columns I  and 2 ?tne percen tage  
com positionsby volume and weigh t o f  the component otho
15.
are g iv e n ;  ,
tnan benzene? in  column 3  ̂the d i e l e c t r i c  constant ( k ;
found e x p e r im en ta l ly ,  in  column 4 ?k c a lc u la te d  from
the vo lu m etr ic  m ixture form ula , and in  column 5^the
d i f f e r e n c e  between k c a lc ,  and k obs. are g iv en .
The mixture/
The m ixtures o f  each s e r ie s  were done in  sequence 
and the temperature d id  not v a ry  from  that noted by 
more than h a l f  a d egree  throughout the s e r i e s .  The 
l iq u id s  used were m ostly  Kahlbaum reagen ts  hut in  a 
few cases they  were B.D.H. , and in  some o th ers  they 
were prepared ih  the la b o ra to r y  by the usual methods. 
In  a l l  cases , they were d r ie d  o v e r  s u i t a b le  reagen ts  
and f r a c t i o n a l l y  d i s t i l l e d  u n t i l  a constant b o i l in g  
f r a c t io n  was g o t^ in  some c a s e s . s e v e r a l  f r a c t io n a t io n s  
were necessary  b e fo r e  a f r a c t i o n  b o i l i n g  constant 
over *2° 'was ob ta in ed .
The curves o f  d i e l e c t r i c  constant a ga in s t  %  
composition by volume f o r  the-sa m ixtures are drawn 
in  f i g s .  3 -  7.
16.
Table I I
F I G-. 5 .
17*
Table I .  Benzene and Methyl Benzoate Temp.= 1 2 °
Comp.by ic. obs. ic. c a lc . ic.obs.
v o l . •ic. c a lc ,
0 2.28 2.28
20 3. 18 3.17 + .01
40 4,04 4.06 - .0 2
60 4.93 4. 94 - .0 1
80 5.82 5,83 - .0 1
100 6,72 6.72
Table 2. Benzene and E th y l  Benzoate. Temp. = 1 5
Comp,by Comp,by ic.obs. !c. c a lc . ic.obs.
v o l . w e igh t -ic. c a lc ,
0 0 2.27 2.27
20 22. 9 3.09 3.04 + .05
40 44.3 3.85 3.81 + .04
60 64. 2 4.59 4.58 + .01
80 82 .’ 8 5.32 5.35 - .0 3
TOO 100 6.12 6.12
Table 3. Benzene and Phen a ta l Temp. = 15° i
Comp.by Comp,by ic.obs. ic. c a lc . ic.obs.
volume w eigh t -Ic. c a lc .
0. 0 2.28 2.28
20 21.5 2.63 2.68 - .0 5
40 42.3 3.12 3 . I I + .01
60 62.1 3.53 3.54 - .0 1
80 81,5 3. 95 3.95 .00
100 100 4,37 4.37
o  ¿o  4 - 0  60  g o  roo.
Percertt .  C o m ju  by V o lu n te - .
18
Tat»l e  4, B3nzene and. Bromotienzene Temp. = 1 6  '
Comp.Dy
volume
iC .O ÌJS , le. c a le . K .oPs. 
-le. ca le .
0 2 . S 8
IO 2 . 6 5 2 . 6 0 4 . 0 5
s o 2 .  9 9 2 . 9 2 +  . 0 7
4 0 3 . 6 0 3 .  5 5 +  . 0 5
6 0 4 . 2 1 4 . 1 9 +  . 0 2
8 0 4 . 8 1 4 . 8 2 - . 0 1
1 0 0 5 . 4 6
Taole 5. Benzene and C iilorooenzene. Temp.= 16
’omp.tiy Comp.tiy le.OfcS. le. c a le . K.OPs.
volume we ig ì i t -le. c a le ,
0 0 2.27
5 6.23 2.47 2.44 + .03
■IO 12.2 2.62 2.61 + . 0 1
15 18.3 2.88 2.78 + . 1 0
20 23.7 3.04 2.95 + .09
50 55.8 4. 04 3. 97 + .07
80 83.5 4.99 4. 99 .00



















P e r c e n t .  C o m p ,  by V o l u m e . .
Tatole 6. Benzene and Dimetnylaniline Temp = 14°
Comp»toy Comp.toy k.otos. k. c a lc . k.otos.
volume w eigh t —k. c a lc
0 0 2.28
5 5.34 2.51 2.42 4 .09
10 10.7 2.65 2.56 4 .09
15 1 6 .1 2.83 2.69 4 .1 4
20 21.2 3.02 2.83 4 .19
40 42.0 3.52 3.39 4 .13
60 62.0 4.07 3.94 4,13
80 81,4 4.63 4.50 4.13
IOO 100 5.05
Tatole 7. Benzene and E tn y l  Cinnamate. Temp= 16°
Comp.toy Comp. toy k.otos. k . c a l c . k.otos.
volume w eigh t - k . c a l c
0 0 2.27
20 22.8 3.03 2. 98 4.05
40 44» I 3.74 3.69 4.05
60 63. 9 4.42 4.40 4.02
80 82.5 5.14 5.12 4 ..02
100 100 5.83
PerctTLt. C orajx V o l u m e .
20 .
Benze elq and A n i l in e Temp. =  13.5°
Comp.by k .ob s . l e . c a le . le.obs.
voliamo “ l . , c  a l e ,
0 2,28
20 ■ . a. 16 3.27 - .1 1
40 4.05 4.26 - .2 1
60 5, 02 5.26 - .2 4
80 6.07 6,26 - .1 9
100 7.20
Benzene and Benzaldeìiyde Temp. = 14.5°
Comp.by Comp.by le.obs. le. c a le . le.obs.
volume w eig ìit -le. c a le .
0 0 2.27
20 23.0 4.81 5* 44 - .6 3
40 44. 4 7.46 8.59 - I . I 3
60 64.3 10.57 11.85 -1 .2 8
80 82.5 13,92 14.91 -  .99
100 100 18,07
Tao l e  IO, Benzena and M troben zen e Temp* =  14.5
Comp.by Comp.’by le.obs. le .c a le . Ic.obs.
volume w elg iit -le. c a le .
0 0 2.28
20 25.5 6,74 9.23 -2 .4 9
40 47.6 11.90 15.38 -3 .4 8
60 67,2 18.19 21.93 -3 .  74




















F I Ci. 7 .
Talile I I » Benzene and Benzyl Alcohol. Temp.= 14°
Jorap.hy Comp, "by k .obs . Ic .ca lc . Ic.obs
volume w e igh t -üccalc
0 0 2.28
20 21.4 3.37 4.55 - 1 . 18
40 44. 3 4.96 6,82 -1 .8 6
60 63.6 7.46 9.09 -1 .6 3
80 82.3 10.58 11.36 -  .78
100 100 13.63 13.63
Ta'ole 12. Benzene and m .C reso l.  Temp. =  16°
üomp.’oy Comp.by iC.ODS. Ic. c a lc . IC.O'DS.
volume w eigh t - Ic .c a lc .
0 0 2.28
20 22.5 3.28 4.41 - 1 . 13
40 43.6 4.82 6.55 -1 .7 3
60 63.5 6. 95 8.68 -1 .7 3
80 82.3 9.86 10.82 -  .96
100 100 12. 95
2 2 .
Discussion or Results.
Examination o f  the curves drawn in  r i g s . 3 -  7  
shows th a t  the m ixtures may he d iv id e d  in to  two main 
c la sses  i'­
l l )  the m ixtures g iv e n  in  f i g s  3 ,4 , and 5 ,which 
e i th e r  g i v e  s t r a ig h t  l in e s  o r  d e v ia t e  o n ly  s l i g h t l y  
from' such.
( 2 )  the m ixtures g iv e n  in  f i g s  6 and 7, whose 
curves d e v ia t e  c o n s id e ra b ly  from  s t r a ig h t  l in e s  g i v in g  
markedly low er va lu es  o f  the d .c .  than i s  re q u ired  by 
the volume ru le .
The f i r s t  c la ss  may fu r th e r  he d iv id e d  in to  two sub­
c lasses  i'­
l l  a )  the m ixtures which g iv e  s t r a ig h t  l in e s  l f i g . 3 . ) 
and obey S i lh e r s t e in s  ru le  a c c u ra te ly .
l i b  ) the m ixtures which d e v ia t e  s l i g h t l y  from 
s t ra ig h t  l in e s  g iv in g  va lu es  h igh e r  than the 
c a lc u la te d ,  the d e v ia t io n s  be in g  g r e a t e s t  a t sm all 
con cen tra t ion  o f  the component o th e r  than benzene, 
( f i g s , 4 and 5. )
.
The a c tu a l c l a s s i f i c a t i o n  may be here summarised.
Class I . 1 a ) M ixtures o f  benzene w ith  methyl 
b en zoa te ,  e th y l  benzoate and phene to  1.
lb  ) M ixtures o f  benzene w ith  bromo-e 
benzene »ch lo roben zen e ,d im eth y l-  
a n i l in e  and e tn y l  clnnamate.
C lass S. M ixtures o f  benzene w itn  a n i l in e ,  
benzaldenyde/
benza ldehyde , n i t r o b e n ze n e , b en zy l 
a lc o h o l  and m -c reso i.
In  as much as a number o r  m ixtures are round
to obey S i l b e r s t e in 's  ru le  a c c u ra te ly  and some o thers
on ly  to  d e v ia t e  s l i g h t l y  from i t ,  i t  would appear, at
T ir s t  s i g h t ,  that th is  ru le  i s  the c o r r e c t  one Tor an
id e a l  s o lu t io n  and v a r ia t io n s  from i t  are due to
changes ta lcing p lace  on m ix ing . i r  such i s  i^he caseg
i t  i s  necessary  to  e x p la in  the la r g e  d e v ia t io n s  o r
mixtures o f  the second c la s s ;  oricursory exam ination
one sees at once th a t ,  whereas the m ixtures o r c la ss  
or
I  are those /substances w ith  benzene which g iv e  approx­
im ate ly  normal molar w e igh ts  in  benzene, the substances 
mixed w ith  benzene in  c la s s  2. m ixtures are known to 
g iv e  abnorm ally h igh  molar w e igh ts  in  benzene due to 
a s s o c ia t io n  (s e e  T u rn er 's  'M o lecu la r  A s s o c ia t io n ,  
appendix ). Tnis suggests  tha t tne d e v ia t io n s  from  
the volume ru le  o r  the  m ixtures o r  the second group 
are due to  changes in  the degree o r  a s s o c ia t io n  o f  
tne second component when mixed w itn  benzene.
In  o rd e r  to  o b ta in  d e r in i t e  p ro o i  tha t such 
changes in  a s s o c ia t io n  are talcing place^ accurate  
molecu lar w e igh t de term ina tions  o r  the substances
mixed w ith  benzene were c a r r ie d  out by means o r  the
the
usual d ep ress ion  o r / f r e e z in g  p o in t  method. Care 
was talcen to have the con d it ion s  the same throughout 
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a l l  the de term in a tion s  thus ensuring t r u l y  r e l a t i v e  
va lu es . The d ep ress ion  taken was approx im ate ly  
the same in  a l l  cases and was a la r g e  one (one degree ) 
in o rder  to  minimise the e r r o r  due to  read in g  the 
thermometer; a second va lue was taken^at s l i g h t l y  
g r e a t e r  concen tra t ions^as  a check o f  the f i r s t  va lue  
and from these  i t  i s  es t im ated  th a t  the r e s u l t s  are 
accurate to  one u n i t .  The va lu es  ob ta in ed  are g iv e n  
in  ta b le  1 3  a long w ith  the r e s u l t s  o f  o th er  
in v e s t ig a t o r s ;  the presen t va lu es  are found to  he in  
s a t i s fa c t o r y  agreement w ith  the l a t t e r .
The va lu es  f o r  the substances o f  c la s s  I  are 
a l l ' f r o m  5 -  7$ below  the normal, but as e th y l  and 
methyl benzoate  are both  g e n e r a l l y  cons idered  to  g iv e  
very  n e a r ly  examples o f  -an id e a l  s o lu t io n s  when mixed 
w ith  benzene th e re  i s  p robab ly  an inheren t e r r o r  o f  
th is  ex ten t  in  the method. I f  a d ive rgen ce  o f  this-, 
amount be cons idered  tha t o f  a non a s s o c ia t in g  
substance i t  i s  seen from  th is  ta b le  tha t the sub-
7
stances o f  the second c la ss  g i v e  va lu es  which are 
g r e a t e r  than th is  normal v a lu e ;  a n i l in e ,  b en zy l  
a lcoh o l and m -c reso l a l l  g iv e  v e r y  h igh  r e s u lts  but 
n itrobenzene and benzgpialdehyde bo th  g i v e  f i g u r e s
n
on ly  z<fo g r e a t e r  r e l a t i v e l y  than the substances o f  the 
f i r s t  c la s s .  The concen tra t ions  at which th ese  
determ inations are c a r r ie d  out ( ¿¡fo),however, are 
much sm a lle r  than the  most d i lu t e  s o lu t io n s  ( g e n e r a l l y  
20f t )  o f  which the d i e l e c t r i c  constant has been 
examined/
24,
examined and from the work o f  o th e r  in v e s t i g a t o r s  
i t  i s  found that the molar w e igh t  o f  both tnese 
substances in creases  w ith  con cen tra t ion  much more 
r a p i d l y  than do substances o f  the f i r s t  c la ss *  In is  
may he v e r i f i e d  from  ta b le  14 which are r e s u l t s  ob ta in  
eci by Beckmann ( he i t  . fu r  Phys. Cheia. ,21,717 );  the 
f ig u re s  f o r  e th y l  benzoate and pheneto l are in c lu ded  
fo r  comparison.
M o lecu la r  Weight Determ inations in  Benzene, 
N itrobenzene in  Benzene (normal va lu e  123 )
25.
conc.(gms./lOOgms ben zen e ) .8 9 ,3 .6 4 ,6 .6 9 ,1 0 .84 ,;l 8 , i 8  
A (d e p r e s s io n )  .3 7 ,1 .4 4 ,2 .5 5 ,  3 .94 , 6.22
mol. w e igh t 119, 124, 128, 135, 143.
Benzaldehyde in  Benzene (normal va lu e  106)
conc. .51 2 ,09 6.88 12.18 17.64
A  ,24  I . 00 3.13 5 .24  7,59
mol, W t. IOS 103 108 114 114.
Phenetol in  Benzene (n o rm a l 'va lu é  122)
conc, .65 2 .59 7.25 10.85 16.55
A  .26 1.06 2.95 4 .34 6.46
mol, w t, 120 119 121 122 125
Ethyl Benzoate in  Benzene (noriaa l va lue 150 )
conc., .41 3.43 9.51 15.30
,14 1.16 3.19 5.02
mol, w t. 142 144 146 149
26.
These f i g u r e s  show c o n c lu s iv e ly  tha t the 
second components o f  c la s s  2 m ixtures ( i . e .  the 
component other, than "benzene ) a l l  g iv e  m olecu lar 
weights in  benzene s o lu t io n  g r e a t e r  than normal in -
i
d ic a t in g  th a t  a s s o c ia t io n  tabes p la c e  w ith  these 
substances* Further p ro o f  o f  th is  may be g o t  from  
the change; o f  volume on m ix ing. Such changes were 
determined fo r  some o f  the m ixtures by means o f  dens i t ;  
determ inations o f  which the r e s u l t s  are g iv e n  in  
ta b le  15* The m ixtures -were so chosen that the two
components were present^ in  each case^ in  approx im ate ly  
equ im oiecu lar p ro p o r t io n s ;  the pyjoiomater by which
the d en s ity  was determined^was immersed in  a water
which m aintained the temperature 
bath at room tem perature,'constant to  w ith in  n a i f  a
degree.
Table 15»
Determ ination  o f  change o f  Volume on M ix ing,
Nj i x i u r e Cooc.gms. beogerje p©v- IOO 








m ethyl benzoate-; 40.70 I .O I IO I . 0109 +.0001
Benzene - e th y l  benzoate 30» 13 1.002 1»0016 +.0004
Benzene - pheneto l 54.31 .9234 . 9238 -.00 04
Benzene + b romobenzene 44.50 1.228 1.2273 -.0007
Benzene - ch lorobenzene 45,35 1.0074 1,0078 -.00 04




a n i l in e 51, 36 , 9.564 . 9536 +.0028
Benzene - b en zy l a lc o h o l 45 . 86 .9792 . 9773 +.0019
Benzene - m .c re s o l 45.21 ,9698 , 9686 +.0012
Benzene - n itrob enzen e 46.04 1.0605 1,059? +,0008
From/
27,
From these f i g u r e s  one sees til at ? w i th in  the 
e r ro r  clue to  temperature changes o f  h a l f  a d eg ree ,  the 
mixtures o f  c la s s  I  show no ap p rec iab le  change o f  
volume on m ix ing whereas those o f  the second c la s s  a l l  
have g r e a t e r  d e n s i t i e s  than the t h e o r e t i c a l .  This 
c o n tra c t io n  on m ix ing i s  Y_hry p robab ly  due to  the
a s s o c ia t io n  which the p rev ious  f i g u r e s  have shown to
be talcing p la ce  in  these m ix tu res .
These r e s u l t s , th e n  , show that no a p p rec ia b le  
a s s o c ia t io n  is  ta x in g  p la ce  in the  m ixtures o f  Jrhe
f ir s t ,  c la s s  but q u ite  marXed changes in  the degree o f
a s s o c ia t io n  occur w ith  those o f  the second c la s s .  I f  
such a s s o c ia t io n  be cons idered  as ta x in g  p la c e  in  a 
manner rep resen ted  in  f i g . 8. i t  f o l l o w s  that i t s  e f f e c t  
w i l l  be to cause a p a r t i a l  n e u t r a l i s a t io n  o f  some o f  
the ^ d ip o le s ,  an d a c c o rd in g ly  b r in g  about a low er in g
o f  the d i e l e c t r i c  constan t.
t
+
L  Ok g .
The abnormally low  va lu es  
o f  the d i e l e c t r i c  constants 
o f  the  m ixtures o f  the 
second c la ss  can thus be 
exp la in ed  as due to ass­
o c ia t io n  o r  tne compon­
ent o f  the m ixture o th er  
than benzene.
A d i f f e r e n c e  i s  noted between the curves o f  
the sacona c la ss  g i v e n / f i g .6 .  and those g iv e n  in  



































throughout the e n j t i r e -  range o f  con cen tra t ion  hut the- 
l a t t e r ,  a lthough curved in  the same way f o r  h a l f  the 
range, breafc away from  th is  r e g u la r i t y  at ahout 50$ 
concen tra t ion  and then merge in to  l in e a r  cu rves .
This i s  in t e r e s t in g  f o r  there i s  a d i f f e r e n c e  between 
the second components o f  the two, s e ts  o f  m ixtures;, 
a n i l i n e ,n itrob enzen e  and benzaldehyde are a l l  sub- 
standees u nassoc ia ted  in  the pure s t a t e  ( a s s o c ia t io n  
fa c t o r  by Ramsay and Sh ie lds  method, 1 .02, .97 and 
,93 r e s p e c t i v e l y )  but b en zy l  a lc o h o l  ana c r e s o l  are 
both h y d ro x y l !c  substances which are g e n e r a l ly  regard* 
ed as a s so c ia ted  in  the pure s t a t e .  Th is type  o f  
curve seems to  be t y p i c a l  o f  such a s so c ia ted  substance
et
f o r  s im i la r  curves are g o t  f o r  m ixtures o f  benzene -  
e th y l  a lc o h o l  ( P h i l i p , l o e . e i t .  ) and benzene -  acetone 
(Prude l o c . c i t *  ) as may be seen from  f i g .  9. where 
the curves go t  by these in v e s t i g a t o r s  are reproduced. 
The ex p la n a t io n  o f  such curves appears to  l i e  in  the 
fa c t  tha t the substance is  a s so c ia ted  in  the  pure s ta te  
The d i e l e c t r i c  constant w i l l  reach  a maximum d e v ia t ­
ion  when the a s s o c ia t io n  i s  at i t s  g r e a t e s t ;  in  the 
m ixtures o f  f i g .  6 . 7th is  occurs at 50$ co n cen tra t ion  
and at g r e a t e r  concen tra t ions  the a s s o c ia t io n  f a l l s  
away u n t i l  i t  i s  normal at 100$; in  the m ixtures o f
f i g .  7. however the a s s o c ia t io n  appears to  reach  a 
1 7 va lue
maximum and then f a l l  away u n t i l  i t  has a / s im ila r
28*
to wh, a t i t  i s  in  the pure s t a t e ;  from tha t p o in t  
Le lec tr i<
B e fo r e /
on the d i e l r i c  constant fo l lo w s  a l in e a r  cu rve ,
7
F I G .  I O ,
El  t h - y l  A l c . o H . o l  - - m . -  C r  e s  o l
ia| ;_________________________________________________________
o ¿O UO to  So IOO
P er c t n t .  Com  V o l u m e ,
B efore  le a v in g  these con s id e ra t io n s  o f  assoc- 
i a t i o n ,  another m ixture i s  worthy o f  re co rd in g  here« 
l,t i s  w e l l  known th a t ,  a lthough tne molar w e igh ts  o f  
h yd rox y l ic  substances sucn as phenol are abnormal in  
in e r t  s o lv en ts  they  are p r a c t i c a l l y  normal in  o th er  
h yd rox y l ic  substances, a s  c r e s o l  mixed w ith  benzene 
g iv es  a curve which d e v ia te s  s t r o n g ly  from  th a t  which 
is  be in g  suggested as the id e a l  m ixture curve., and as 
such d e v ia t io n  is  b e in g  exp la in ed  as due to  a s s o c ia t ­
ion  o f  the c r e s o l  in  the in e r t  so lven t . , :  i t  i s  In t e r ­
e s t in g  to  note the d i e l e c t r i c  constant curve o f  c r e s o l  
in  a h y d ro x y l ic  so lv en t  in  which i t s  molar w e igh t w i l l  
p robably be normal. The r e s u lts  g o t  f o r  a m ixture 
o f  c r e e o l - e t h y l  a lc o h o l  are g iv e n  in  ta b le  16 and tne 
curve is  drawn in  f i g ,  10
Table 16.
Ethyl a lc o h o l  and mrei-esol Temp. =  13°
29»
fcCornp. o f a lcoh o l D. C. ( k )» k c a lc . f r o m k .ob s .
by w t. by v o l . observed volume ru le -  k . c a lc .
0 0 13,36
16.19 20 15.30 15.70 - .4 0
33. 88 40 17.57 18.15 - .5 8
53.61 60 20.01 20.40 - .3 9
75.55 80 22.54 22.75 - .2 1
100 100 25.10
In  comparison w ith  the c r e s o l  -  benzene 
f i g u r e s ,  the d i e l e c t r i c  constants f o r  th is  m ixture 
on ly  d i f f e r  s l i g h t l y  from  those requ ired  by  the 
volume ru le  and?as much sm a lle r  changes o f  a s s o c ia t io n  
take /
take p la c e  in  such m ixtures as c r e s o i - a l c o h o l  th is
?
r e s u lt  supports in  a g e n e ra l  way the v iew  tha t the 
d e v ia t io n s  o r  the  second c la ss  m ixtures are due to  
a s s o c ia t io n .  Too much r e l ia n c e  however cannot he 
placed on th is  r e s u l t  f o r ^ in  such a m ixture^not o n ly  
may changes o f  the degree or a s s o c ia t io n  or c r e s o i  
take p la c e ,  hut a lso  s im i la r  changes w ith  a lc o h o l
may occur and in  a d d it io n  th e re  i s  tne p o s s i b i l i t y  o r
be in g  formed , 
a s s o c ia t io n  products /between a lc o h o l  and c r e s o i .
curve.
That the d i e l e c t r i c  const ant; i s  p r a c t i c a l l y  n o m a l  
shows tha t these  va r io u s  e f f e c t s  counterba lance one 
another.
C ons ideration  o r  M ixtures o f  the F i r s t  Group*
Up t i l l  now7we nave been concerned w ith  
changes on m ix ing more o r  l e s s  o f  a chemical natu re . 
There may, how ever ,.b e  changes or another kind*
Any molecule in  the l i q u id  s ta te  i s  su b jec t  to  va r­
ious r e p u ls iv e  and a t t r a c t i v e  fo r c e s  as w e l l  as to 
c o l l i s i o n s  from  neighbouring m o lecu les ; in  o rd e r  to 
d es ignate  the sum t o t a l  o f  these effects^W ashburn has 
in troduced the term 'thermodynamical environm ent' and 
i t  i s  obvious that th is  environment w i l l  e x e r t  an 
in f lu ence  on how the m olecu les behave. A s o lu t io n  
w i l l  o n ly  be i d e a l ,  i f  th is  environment i s  the same 
in  the s o lu t io n  as in  both  pure l i q u id s ;  t h i s ,however 
is  a l im i t in g  case and in  g e n e ra l  the environments o f  
the m o lecu lar sp ec ies  in  any two l i q u id s  a r G ;d i f f e r -  
en t. A ccord ing ly/
30.
A cco rd in g ly  a m olecu le o f  any l i q u id  w i l l  tie exposed
to d i f f e r e n t  fo r c e s  in  a m ixture with, a l i q u id  o f
d i f f e r e n t  1 thermodynamical environment * than i t  i s  in
the pure s t a t e .  Such d i f f e r e n c e s  w i l l  in  g e n e ra l  
an,
h a v e/ e f fe c t  on the p h y s ic a l  p r o p e r t ie s  o f  the
r e s p e c t iv e  m olecu les and we may enquire what e f f e c t
w i l l  he produced hy them on d i e l e c t r i c  constan ts .
Accord ing to  the w e l l  in  own woric o f  leb y e
(P h y s .Z e i t .  1912,12.,9?; Verh .d .B eu t.Phys .G es . 1912,
15,777} a m olecu le possesses a permanent d ipoxe and 
7
thus when a l i q u id  i s  su b jec ted  to  an a l t e r n a t in g  
e l e c t r i c  f i e l d ?as in  tne case wnen tne d i e l e c t r i c  
constant is  determ ined the m olecu les may he thought 
o f  as m aintained in  a s ta te  o f  ra p id  v ib r a t i o n .  The 
amount o f  th is  v ib r a t io n  how ever .,w il l  he an e q u i l i ­
brium c o n d it io n  depending ( I } on the s tren g th  o f  the 
e x te rn a l  f i e l d  ( 2 )  on the s i z e  o f  the d ip o le s  ( 3 )  on 
the heat motions o f  the m olecu les and ( 4 )  on the 
cohesive  f o r c e s ,  ju s t  r e fe r r e d  t o ,  a c t in g  on any 
molecule hy i t s  neighbours. The f i r s t  th ree  cond it­
ions are constant in  the pure and mixed s ta te s  hut
the fo u r th  c o n d it io n ,  as we have seen, may v a ry ;  i f
a
the cohes ive  fo r c e s  a c t in g  in / l iq u id  A are sm a lle r  
than those a c t in g  i n  a l i q u id  B, then when A and B 
are m ixed?the fo r c e s  a c t in g  on B w i l l  he le s s  in  the 
mixture than in  E i t s e l f  and; consequently, the B  mole­
cu les w i l l  have g r e a t e r  freedom o f  v ib r a t i o n  causing 
an in crease  o f  t h e i r  d i e l e c t r i c  p r o p e r t i e s ,  on the
other/
3 1 .
o th er  hand i f  the coh es ive  fo r c e s  in  a  are g r e a t e r  
than those in  B then the v ib r a t io n s  o f  th e  B mole­
cu les w i l l  he damped causing a d im inu tion  o f  t h e i r
o f
d i e l e c t r i c  p r o p e r t i e s .  Such e f f e c t s  w i l l/ c o u r s e  he
g r e a te s t  in  d i lu t e  s o lu t io n s  and i t  i s  in t e r e s t in g
to note th a t ,  in  the case o f  m ixtures o f  c la s s  I  (h  )
7
the d i e l e c t r i c  constants found are s l i g h t l y  g r e a t e r  
than those requ ired  by the volume ru le  and th a t  the 
d ev ia t io n s  are g r e a t e s t  at sm all c on cen tra t ion s . I t  
now f a l l s  to  he seen i f  p r o o f  i s  a v a i la b le  as to 
whether any d i f f e r e n c e  in  the cohes ive  fo r c e s  e x i s t  
in  these l iq u id s  which could account f o r  these 
s l i g h t  r i s e s .
D e f in i t e  p r o o f  o f  such a q u es t ion ,  at the 
present e x ten t  o f  Knowledge about tne l i q u id  s t a t e ,  i s  
d i f f i c u l t  to  ob ta in  but some In d ic a t io n s  o f  such 
d i f f e r e n c e s  may be go t  from  tne worK o f  H ildebrand 
who, in  a recen t  s e r ie s  o f  papers on s o l u b i l i t y  (J .  
Am.Chem.Boc.,1916,38,1458 e t  seq. ) ? has shown tne 
importance o f  sucn cohes ive  fo r c e s  in  the p r e d ic t io n  
o f  s o l u b i l i t y .  he has in troduced  the term ' in t e r n a l  
p ressu re ' to  serve  as an in d ic a t io n  o f  tne cohes ive  
fo rc e s  a c t in g  in  l i q u id s  and^ca lcu lated  i t s  va lues  
from va r io u s  data  such as su rface  t en s io n ,  c r i t i c a l  
data, heat o f  v a p o r iz a t io n  and c o e f f i c i e n t  o f  expans­
ion . Prom the g igu res  obtained^he shows th a t  non 
po la r  l iq u id s  w ith  approx im ate ly  equa l in t e r n a l  p res­
sures obey R a o u lt 's  Law s a t i s f a c t o r i l y  when mixed but 
d i f f e r e n c e s  in  in t e r n a l  pressures  cause d e v ia t io n s  
from/
from the l a t t e r .  Th is law , m oreover, i s  now accep t­
ed as one o f  the "best c r i t e r i a  o f  an id e a l  s o lu t io n  
and ; ac cord in g ly ; one may conclude that non -po iar  
l iq u id s  w i th  approx im ate ly  equa l in t e r n a l  p ressu res , 
as c a lc u la te d  by H ildeb rand , form v e ry  n e a r ly  id e a l  
s o lu t io n s .  Such a r e s u l t  ob ta ined  on exper im en ta l 
grounds shows tha t these in te rn a l  p ressu res  g iv e  a 
f a i r ' i n d i c a t i o n  o f  the cohes ive  fo r c e s  e x e r te d  on any 
molecule i n  tne l i q u id  s t a t e .  I t  w a s^ th e re fo re ; 
thought to be o f  in t e r e s t  to  c a lc u la t e  the in t e r n a l  
pressures f o r  the l iq u id s  o f  c la s s  I  and these  are 
g iv en  in  Tables IV and 18; the f i g u r e s  n ecessary  f o r  
the c a lc u la t io n s  were ob ta in ed  from  the ta b le s  o f  
Landolt and B o m s te in .
Table 17.
In te rn a l  Pressures from Surface Ten s ion .
( fp i  where e>o and V  are su r face  t e n s io n  and
m o lecu la r  volume r e s p e c t i v e l y  ).
Benzene 6 .54 Chlorobenzene 7.05
E th y l Benzoate 6.61 Bromobenzene 7.5
Methyl Benzoate 7 .44 D im e tn y la n il in e  7.28
Pheneto i 6.46 E thy l Cinnamate 6.73
Table 18.
In te rn a l  Pressures from C r i t i c a l  Constant Data.
i  I T  ^
Benzene 4 .49 Bromobenzene 5.16
Pheneto i 4.37 Chlorobenzene 4.88
Dime t  hy1a n i I i  ne 4.64
Owing to  fe*» lacE o f  c r i t i c a l  constant data  
ta b le  18 is  incom plete but from ta b le  17 we see tha t 
both/
33.
tootli e th y l  benzoate and pheneto l have in te rn a l  p ress­
u r e  v e r y  c lo se  to  th a t  o r  "benzene and, as the molar 
weight in  benzene o r  bo th  l i q u id s  i s  normal and ne ithe  
show an ap p rec iab le  change o r  volume on m ix in g , the 
mixtures o r  both  these l i q u id s  w ith  benzene appear to 
be c lo se  approxim ations to  i d e a l  s o lu t io n s .  The 
va lue o r  th e  in te r n a l  pressure o r  methyl benzoa te  is  
p e c u l ia r  however^being much h igh er  than tha t or e th y l  
benzoate which leads  to the u n l ik e ly  r e s u l t  th a t ,  
while e th y l  benzoate -  benzene should g iv e  p r a c t i c a l l y  
an id e a l  so lu tion ^  methyl benzoate  -  benzene should 
n o t; i t  would appear probab le  tn a t  th is  d iscrepancy  
w ith  m ethyl benzoate  i s  due to exper im en ta l e r r o r s  in  
the d e te rm in a tion  o r  the su r face  te n s io n ,  e s p e c ia l l y  
as the d i e l e c t r i c  behaviour or benzene -  methyl 
benzoate is  the same as that o r  benzene -  e th y l
benzoate , and tha t the former m ixture as w e l l  as the 
a /
l a t t e r  fo rm s/near ly  id e a l  s o lu t io n .  Now these th ree  
m ixtures (benzene w ith  e tn y l  b e n z o a te ,p h en eto l and 
methyl benzoate  r e s p e c t i v e l y )  are those which obey 
the v o lu m e t r ic  ru le  a c c u ra te ly  and as these are the 
m ixtures which from  the data  at hand^ approach most 
c lo s e l y  to  id e a l  s o lu t io n s  i t  may be concluded tha t f o r  
id e a l  so lu t io n s^ th e  simple v o lu m e tr ic  m ixture ru le  
f o r  d i e l e c t r i c  constants i s  obeyed.
I f  th is  i s  s o ,  then one should expect that 
the substances fo rm ing  the second components o f  the 
c lass  I (b  ) m ixtures should show s l i g h t l y  h igh er  va lu es  
or in t e r n a l  pressure than tna t o r  benzene. By r e f e r ­
ence/
34.
re fe ren ce  to  ta b le  IV th is  i s  con firm ed , the va lu es  o f  
bromobenzene, ch lorob enzen eyand d im e tn y la n i l in e  a l l  
be ing a p p re c ia b ly  h igh e r  than tha t o f  benzene. The 
p o s i t io n  o f  e th y l  cinnamate is  s p e c i a l l y  noteworthy; 
from re fe re n c e  to  ta b le  V and f i g . 5. one sees that 
tne d i e l e c t r i c  constant curve o f  benzene -  e th y l  
cianamate d e v ia te s  v e r y  s l i g h t l y  from  the s t r a ig h t  
l in e  and in  con fo rm ity  w ith  th is  , from ta b le  IV the 
in te rn a l  pressure o f  e th y l  cinnamate is  found to  be 
on ly  s l i g h t l y  g r e a t e r  than that o f  benzene and not to 
such a marled ex ten t  as the o th e r  members o f  the group 
These f igu res^  a c c o rd in g ly  ^suggest tha t the s l i g h t  
d e v ia t io n s  from the s t r a ig h t  l in e  curves g o t  f o r  c la ss  
I (b  ) m ixtures are due to  the m olecu les o f  the second 
components o f  these  m ixtures f in d in g  them selves in  a 
d i f f e r e n t  'thermodynamic environm ent' in  the m ixture 
from th a t  in  the pure l i q u i d s , as d iscussed  in  the 
in trod u c t io n  to  th is  s e c t io n .
I t  may be urged that such d i f f e r e n c e s  o f
in te rn a l  p ressure which are cons idered  here have been
7 ?
n eg lec ted  in  the d is c u s s io n  o f  the m ixtures prf c la ss  2* 
The l i q u id s  mixed w ith  benzene in  th a t  c la s s ; however 
are a l l  p o la r  substances and H ildebrand la y s  down 
( l o c . c i t . p - .  1461) th a t  w ith ,su ch  substances the changes 
due to chem ical f a c t o r s ,  i . e .  a s s o c ia t io n ,  are o f  more 
importance than those caused by the p h y s ic a l  e f f e c t s  
o f  in t e r n a l  p ressu re . The p o l a r i t y  o f  these  mole­
cu les lead s  to  m olecu lar a t t r a c t io n s  and hence an 
in te rn a l/
in te rn a l  pressure and surface  ten s ion  g r e a t e r  than i t  
would o th erw ise  he. As th is  m o lecu la r  a t t r a c t io n  
leads to  a s s o c ia t io n  which, as we have seen , has 
i t s e l f  an e f f e c t  on the d i e l e c t r i c  constant by caus­
ing a n e u t r a l i s a t io n  o f  d ip o le s ,  d iscu ss ion  o f  the 
in te rn a l  p ressu res  f o r  such l i q u id s  are o f  l i t t l e  
va lue . As the in t e r n a l  pressures  o f  a n i l in e ,  
n itrobenzene e t c . , are a l l  much g r e a t e r  than tn a t  o f
a>
benzene one should e x p e c t ,  in  con fo rm ity  w ith  the 
mixtures o f  c la s s  I ( b  ) ,  tna t th ere  Should he a r i s e  
o f  d i e l e c t r i c  constant on m ixing i f  o n ly  cnanges o f  
th is  nature are con s id e red ; in s tea d  there i s  a f a l l  
o f  d i e l e c t r i c  constant snowing tha t a s s o c ia t io n  
changes in  these cases outweigh  any e f f e c t s  due to 
d i f f e r e n c e s  o f  in t e r n a l  p ressu re .
Prom the m ixtures o f  c la sse s  I  and 2 we may 
then draw the f o l lo w in g  conc lus ions
( I )  f o r  an id e a l  s o lu t io n ,  the d i e l e c t r i c  
constant fo l lo w s  the simple v o lu m etr ic  ru le .
(2  ) la r g e  d e v ia t io n s  from th is  ru le  have 
been shown to  he due to changes o f  the degree 
o f  a s s o c ia t io n  on m ix ing.
( 3 )  s l i g h t  d ive rgen ce  from  th is  r u le ,  which 
have been found, can he a t t r ib u te d  to  
d i f f e r e n c e s  in  the in te r n a l  p ressures  o f  the 
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P e r c e r e t .  C o r a K -  ^ y  V o l u r r u ^ .
37«
Mixtures containing Ether as one Component.
In  the m ixtures fo r  which th je  r e s u l t s  have 
so fa r  'been g iv e n ,  the o n ly  cases in  which th e re  are 
la rg e  d ive rgen ces  from  theom ixture ru le  g iv e  d i e i e c t r i  
constants much low er than re q u ir e d .  E ob rose rd o ff  
( l o c . c i t * . )  however »descr ibed  a number o f  m ixtures y 
which gave curves s t r o n g ly  concave to  the a x is  o f  
concen tra t ion* These m ixtures a l l  con ta ined  an 
ether as one component and as they have no p ro to typ e  
in  the benzene m ixtures i t  was thought o£ in t e r e s t  to  
enquire fu r th e r  in to  t h e i r  natu re .
E ob ro se rd o ff  c l a s s i f i e d  h is  m ixtures 
accord ing to  com position  by w e ig h t ; th is  i s  p e c u l ia r  
as from the in t r o d u c t io n  (p*;xa, and see a ls o  Erude 
l o c . c i t *  ) the use o f  w e igh t  com position  has no theor­
e t i c a l  s i g n i f i c a n c e  and, a c c o rd in g ly ,  h is  re su lts ,  were 
r e c a lc u la te d  on the b a s is  o f  v o lu m e tr ic  com posit ion ; 
exampledof the curves g o t  in  th is  way ar^e g iv e n  in
f ° t t k t  etK.e.r m. ci- toT^s
f i g . I I  and the c la s s i f ic a t io n -^ r e s u l t e d  as f o l l o w s : -  
Class A. -  s t r a ig h t  l in e  cu rv e s c a rb o n  t e t r a ­
ch lo r id e  -  e th y l  amyl ether*
Class E* -  curves concave to ax is  o f  co n cen tra t io n ; 
m ixtures o f  e th y l  e th e r  w ith  ch loro fo rm , 
e th y len e  bromide and oc-broronaphthaiene 
and those o f  e th y l  amyl e th e r  w ith  ch loro ’ 
form  and ch lorobenzene,
Class C/
Class C, -  curves convex to  con cen tra t ion  a x is ,  
m ixtures o f  e th y l  e th e r  w ith  carbon 
t e t r a c h l o r i d e , carbon d isu lp h id e ,  benzene 
and pentano.
The d ive rgence  o f  t J c e  curves o r  the la s t  
group from normal is  in  a l l  cases s l i g h t  and, accord­
ing to  the  r e s u l t s  o r  the f i r s t  p a rt  o f  the in v e s t i g a t ­
ion , two exp lana t ions  are p o s s ib le ;  i t  may be due 
e i t h e r  ( a )  to  d i f f e r e n c e s  in  the in t e r n a l  pressures  
such as have a lread y  been d iscussed  -  e th e r  i s  a 
substance w ith  a low pressure and a c c o rd in g ly ,  when 
mixed w ith  o th e r  substances o r  n igh er  p re s su re ,  the 
a b i l i t y  o r  the e th e r  m olecu les to  v ib r a te  w i l l  be 
damped causing a s l i g h t  r a i l  in  d i e l e c t r i c  p r o p e r t ie s  
-  o r  (b  ) to  s l i g h t  a s s o c ia t io n  o r  the e th e r  m olecu les  
as e th e r  i s  a p o la r  substance and a l l  the o th e r  
l iq u id s  are in e r t  s o lv e n ts ^ th is  i s  q u ite  p o s s ib le  
a lthough e th e r  i s  not g e n e r a l ly  cons idered  to  assoc­
i a t e .  The r i r s t  e x p la n a t io n  however i s  ru le d  out
a s .
s ince  the d e v ia t io n  i s  quite^pronounced w i th  the  e th e r -  
as w ith  the o th e r  m ix tu res ; 
pentane m ix tu res j  these" two l i q u id s  have n e a r ly
equ a l in t e r n a l  p ressu res  -  accordingly^ they should 
rorm a n ea r ly  id e a l  s o lu t io n  i r  there are no 
chemical changes and should f o l l o w  tne m ixture ru le  
f o r  the d i e l e c t r i c  constan t. I t  would appear th e re ­
fo re  th a t  e th e r  a s s o c ia te s  to  a s l i g h t  e x ten t  in  tnese 
in e r t  s o lv e n ts .  No exp la n a t ion  i s  forthcom ing on 


























F i g  I X .
and^with the o b je c t  or r in d in g  o tn ers  o r  t h is  Eind^ 
some fu r th e r  m ixtures were in v e s t ig a t e d .
39.
Experimental R esu lts .
In  o rder  to  checE D o b ro s e rd o f f 's  r e s u l t s  a
7
mixture o f  e th e r -ch lo ro fo rm  was in v e s t ig a t e d .
Tahle 19 E ther -  Chloroform  Temp.^ 1 4 .5 °
Comp.by Comp.by E .obs, E ,c a lc . E .obs.
Volume Weight -  E .c a lc
0 0 4,44
20 34. 4 5.41 4 .5  2 +• .89
40 48.2 5. 99 4,62 4-1.37
60 75.8 6.06 4.71 + 1.35
80 90.9 5. 63 4.80 f  .83
100 100 4.89
The vo lu m e tr ic  curve i s  g iv e n  in  g i g .  12 
and in  f i g .  13, tne curves o f  d i e l e c t r i c  constant 
aga inst w eign t com posit ion  ob ta in ed  here and by Ph ilip  
( Ip c .c i t .  ) ara Photted  to g e th e r .  The l a t t e r  
determ inations were made at a s l i g h t l y  h igh e r  temp­
era tu re  which accounts f o r  the curve b e in g  s l i g h t l y  
lower but o th erw ise  the determ inations  agree e x c e l l e n t  
The d e v ia t io n  in  th is  case i s  v e r y  marlced, the 
d i e l e c t r i c  constant o f  the m ixture a c tu a l ly  r i s in g  
to a va lu e  h igher than th a t  o f  e i t h e r  component.
The d i e l e c t r i c  constants  o f  some fu r th e r  
mixtures con ta in in g  e th e r  ase one component were now 
determ ined; the r e s u l ts  are g iv e n  in  ta b le s  20— 25, 
and the curves o f  d i e l e c t r i c  constant aga in s t  comp­























Table 20, Etnyl Ether - Chlorobenzene Temp, - 15°
Percen t Comp. Comp.by K .obs. K .c a lc . E .obs.,
by. Volume. w eigh t - E . c a l c .
0 0 4.46
20 28,1 4 ,79 4. 71 f . 0 8
40 51.0 5.06 4. 96 + .10
60 70.6 5.37 5.20 + .17
30 S6. 3 5. 53 5.45 + .13
100 100 5.70
21, Et'nyl E ther - A n i l in e Temp - 15
Comp.by Comp.by E.obs. k . c a l c . E .obs.
V o l . wt. ~ic. ca lc
0 0 4,44
20 26.0 5.58 4. 96 + • 62
40 48. 4 6.30 5.48 + .82
60 67.8 6.70 6.00 + .70























Tati le 22» Ethyl ïïttier - Dimethylaniline Temp = I7'
Comp% "toy Comp.hy E .ohs. ic .ca lc . 1c. o t s .
v o i . wt. -E . c a lc
0 0 4.40
20 24. 9 4,66 4. 53 + .03
40 47.1 4. 65 4.66 - .0 1
60 66.7 4,80 4.78 + .02
80 84.3 4,90 4. 91 - .0 1
100 100 5.04
Tahle 23 E th y l E tner -  BenzaiclehycLe Temp - 18°
Comp, t  y Comp.hy K.ohs. E .c a lc . E . O h S ,
v o l . w t. - ic .c a lc
0 0 4.35
20 26.8 6.97 7.00 - .0 3
40 49,3 9.65 9,65 .00
60 68.6 12.38 12.29 + .09
80 85.3 15.01 14, 94 + .07
100 100 17.59
P e  r e e  Tut.  C o m  fi .  b y  V o l u m  e
42
labio 24, Ethyl Etner ana Nitrobenzene Temp =20
Comp.by Comp, by la . obs. K .c a lc . E, obs.
Vo l. wt. - E . c a l c .
0 0 4 * 3 6
20 29.7 9.51 10.26 -  .75
40 52. 9 15.07 16.17 - 1 . 10
60 71.6 20.88 22.#9 -2 .2 1
80 87.0 27.26 28.00 -  -.74
100 100 33. 91
o
Table 25 E th y l E ther and m -Cresol Temp =-17.5
Comp*by Comp,by E .obs , It. c a lc . E .obs.
v o l . w t. —E .c a lc .
0 0 4.41
20 26.4 5.94 6,10 - .2 4
40 48.8 7.49 7.79 - .3 0
60 68,1 9,15 9.48 - .3 3
80 85.0 11,00 I I .  16 - .1 6
100 100 12.85
D iscuss ion  o f  E ther M ixtures ,
i n--.au ■■!.< il ,_j - i î in . r . u. ji
In  the above s e r ie s  w e  are  aga in  a f fo rd e d  
w ith  in s tan ces  o f  m ixtures which obey the vo lu m etr ic  
mixture ru le  f a i r l y  a c c u ra te ly ;  from what has been 
proved f o r  the benzene s e r i e s ,  these m ixtures -  
e th e r  -  benzalddhyde and e tn e r  -  d im e th y la n i l in e -ca n  
be accepted as normal and the behaviour o f  the o th e rs ,  
d e v ia t in g  from  t h i s  r u le ,  must be a t t r ib u te d  to  
changes on m ix ing. Two m ixtures -  e th e r  -  m .c res o l  
and e th e r  -  n itrobenzene  -  g iv e  curves d e v ia t in g  on ly  
s l i g h t l y  from  the s t r a ig h t  l i n e  and have va lu es  below
tha tn requ ired  by the m ixture r u le .  This i s  in  good
*
accord w i th  what has been sa id  rega rd in g  a s s o c ia t io n
in  t h e f i r s t  p a r t ;  most p o la r  su b s tan cesw h ich  have
abnormal m o lecu la r w e igh ts  in  in e r t  s o l v e n t g i v e ,
in  com parison ,. p r a c t i c a l l y  normal va lu es  in  e th e r
(see: Turner o p . c i t ,  ) and?in  con fo rm ity  w ith  th is^we
fin d  c r e s o l  and n itrobenzene  when mixed w ith  e th e r
g iv e  curves which are n ea r ly  normal; the s l i g h t
d e v ia t io n  however shows th a t ,  a lthough the-tendency
assoc ia t ion
to a sso c ia te  i s  c on s id e ra b ly  le s s en e d ,/ to  a s l i g h t  
degree s t i l l  taxes p la c e  causing the lo w e r in g  o f  
d i e l e c t r i c  constant observed .
The remaining m ixtures -  e th e r - a n i l in e  and 
e ther-ch lo robenzene  -  have curves concave to a x is  o f  
con cen tra t ion  and be long to  c la s s  B a lready  r e f e r r e d  
to .  The d i f f e r e n c e  between these two m ixtures arid 
the /
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and the o th e r  four cannot he a t t r ib u te d  to  in t e r n a l  
p ressure d i f f e r e n c e s  s in ce  a l l  the l iq u id s  mixed 
w ith  e th e r  in  these s ix  mixtures, are a l ik e  in  having 
much h igh e r  va lu es  o f  the l a t t e r  than e th e r  has. I t  
appears th a t  some chem ical e xp la n a t ion  must, he sought* 
When d e a l in g  w ith  the benzene m ix tu res , the 
on ly  a s s o c ia t io n  n ecessary  to  cons ider  was tha t Ofo 
m olecu les o f  the same k in d ; th is  was due to one 
componentj benzene1 hav ing  a v e ry  sm all moment and 
consequently  a n e g l i g i b l e  a s s o c ia t ir ig  power. I f ,  
however, both  components o f  the m ixture be p o la r  
compounds then not on ly  may m olecu les o f  A a s so c ia te  
w ith  those o f  t h e i r  own kind but a lso  w ith  those o f  
3* In  such cases the s iz e s  and the g e o m e tr ic a l
p o s i t io n s  o f  the d ip o le s  in  the m olecu les p a r t i c i p ­
a t in g  in  the a s s o c ia t io n  may be d i f f e r e n t  and th is  
would lead  to  the fo rm ation  o f  va r iou s  types o f  
a s s o c ia t io n  products . Ebert^ (2 e it . fu r .P h y s .C h e m . , 
I9 2 4 ,u g , I  )  ̂ suggests  tha t two main types are p o s s ib le  
between which however there may be a l l  t r a n s i t i o n a l  ' 
s tages . Diagrams rep res en t in g  these types  are
drawn in  f i g . 17. Reference has a lread y  been made to
the f i r s t  type
which r e s u l t s  in  a
( * )
+ e l e c t r i c  constant
The m olecu les  how-
eve r  may be con­
s id e red  as jo in in g
^  end /
end on to  g iv en  an a s s o c ia t io n  o f  second type f i g . I ?  (b !  
That th is  type w i l l  r e s u l t  in  an in crease  o f  d i e l e c t r i c  
p r o p e r t ie s  can he seen from re fe r e n c e  to Debye' s 
fundamental ecjuation ( l o c . c i t .  ). From c o n s id e ra t io n  
o f  the temperature dependence o f  d i e l e c t r i c  constants 
he a r r i v e s  at the f o l lo w in g  e x p re s s io n : -
* - - J  -  t  + f
45*
h  +■ 2
where K, d and T are the d i e l e c t r i c  cons tan t, d en s ity  
and abso lu te  tem perature r e s p e c t i v e l y .  The r ig h t  
hand s id e  o f  the exp re ss ion  i s  d iv id e d  in to  two p a r ts ;  
P. i s  tha t caused Py d i e l e c t r i c  p o la r i s a t i o n  o f  the 
m olecules i . e .  due to a d isp lacem ent or 've rsch iepu ng 
o f  the e le c t r o n s  from th e i r  p o s i t io n s  o f  r e s t  and a  
i s  the p a r t  due to  the permanent d ip o le s ,  in  the 
m o lecu les . I t  i s  o n ly  w itn  th is  l a t t e r  pa rt  w ith  
which we are in t e r e s t e d  and f o r  i t  he ob ta ins  an 
exp ress ion
-vr- 0
a =  -
9h
where IT i s  the number o f  m olecu les  per c . c .  m is  
moment and h is  P lan ch ' s u n iv e rs a l  constan t. From 
th is  equ a tion  we see tha t a. i s  p ro p o r t io n a l  to  tne 
square o f  the moment* Now a s s o c ia t io n  o f  the 
second type causes the fo rm ation  o f  a d ip o le  w ith  a 
moment equa l to  the sum o f  the moments o f  the two 
d ip o le s  which have d isappeared and., as tne square o f  
the moment o f  the s in g le  la rg e  d ip o le  w i l l  be g r e a t e r  
than/
than th a t  o f  i t s  two c o n s i t i tu e n ts  the fo rm ation  o f  
such complexes w i l l  lead, to  an in crease  o f  a and 
th e r e fo r e  o f  the d i e l e c t r i c  constant.
The marked d ive rgen ces  o f  these m ixtures 
under co n s id e ra t io n  cannot he e x p la in e d ,  as a lread y  
mentioned, on p h y s ic a l  grounds; they in d ic a te  r a th e r  
that changes o f  a more o r  less ' chem ical nature are
ta il in g  p la c e .  how, as th is  second type o f  a s s o c ia -
■
t io n  lead s  to  an in c rease  o f  d i e l e c t r i c  p r o p e r t i e s ,  
i t  seems reasonab le  to  suggest that these chemical 
changes c o n s is t  o f  a s s o c ia t io n  o f  th is  k ind, ho d e f ­
i n i t e  p roo f  could he ob ta in ed  o f  sucn a s s o c ia t io n  from 
molar w e igh t  de term ina tions  by the b o i l in g  p o in t  metnod 
such, however, can hard ly  be expected  f o r  the e f f e c t  o f  
th is  a s s o c ia t io n  i s  not to  cause a d im inu tion  in  the 
number o f  m olecu les o f  s o lu te ,  as i s  the case w ith  the 
p rev ious  a s s o c ia t io n  con s id ered , but to  cause a dim­
in u t io n  in  the number o f  m olecu les o f  s o lv e n t .  as 
the s o lu t io n s  taken in  molar w e igh t determ ina tions  
are a l l  d i lu t e ,  i t  w i l l  re qu ire  a v e r y  much la r g e r  
change to  take p la c e  in  the l a t t e r  case than in  the 
form er to  produce an a p p rec ia b le  change o f  va lu e  o f  
m olecu lar w e igh t .  we must f a l l  back th e r e fo r e  on 
in d i r e c t  p r o o fs .
I f  the co n d it io n s  govern in g  the fo rm ation  
o f  the  two types o f  a s s o c ia t io n  be cons id ered , i t  i s  
natu ra l to  expect tna t tha t o f  the f i r s t  type  ( f i g . I 7 a )  
w i l l  take p lace  between m olecu les o f  m e  same kind 
s in ce  in  such a case tne d ip o ie s  are s i tu a te d  in  the  
, samej
46,
same p o s i t io n s  in  Doth, p a r t ic ip a n ts  o f  the  a s s o c ia t io n  
and, consequ en t ly , they  w i l l  f i t  e a s i l y  t o g e th e r .
On the o th e r  hand when the p a r t ic ip a n ts  are m olecu les
d i f f e r e n t  substances^ there w i l l  be ; in  g e n e r a l? 
con s id e rab le  d i f f e r e n c e s  in  the s i z e s  o f  the m olecu les 
and in  the g e o m e tr ic a l  p o s i t io n s  o f  the  d ip o le s  in  the 
m o lecu les . In  consequence, the d ip o l e s 7b e in g  o f  
d i f f e r e n t  len g th s  w i l l  not he aDle to f i t  t o g e th e r  
in  the same way as d ip o le s  o f  th e  same kind can, P u t,  
in s tea d ,  they  jo in  end on g i v in g  a s s o c ia t io n  o f  the 
second type* The c o n d it io n  f c r  th is  type  i s  fu l ­
f i l l e d  w ith  these  m ixtures which we are c o n s id e r in g :  
thus one component i s  e th e r  and the  o th er  such mole­
cu les  as ch loro form  ch lorobenzene o r  a n i l in e .  None 
o f  these  m olecu les have a s tru c tu re  in  any way s im i­
l a r  to e th e r  and consequently  in s tead  o f  f i t t i n g  
to g e th e r  c l o s e l y  as w ith  a s s o c ia t io n  o f  the  f i r s t  type 
they  j o in  end on acco rd in g  to the second typ e .  These 
co n s id e ra t io n s  then show th a t  i f  a s s o c ia t io n  does take
7
p la c e  Detween the components o f  these m ix tu res , one 
should expect i t  would De o f  the second type*
The r e s u l t s  recorded  demonstrate tha t in  
c e r t a in  ca ses^ th is  a s s o c ia t io n  i s  p robab ly  a c tu a l ly  
tak ing  p la c e  f o r ?w ith  the  m ixtures o f  e th e r  w ith  
ch lo ro fo rm , ch loropenzene and a n i l in e ,  the d i e l e c t r i c  
constants found are c on s id e ra b ly  h igh er than normal 
W hile  those w ith  benzaldeByde and d im e th y la n i l in e  
obey the mixture ru le .  The d i f f e r e n c e  o f  behaviour 
o f  /
47.
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o f  these compounds i s  in t e r e s t in g .  Thus a n i l in e  
a s s o c ia te s  w ith  e th e r  and y e t  dime thy lanjgj/ine a 
s tron ger  base^does n o t .  This shows tha t i t  i s  not 
e s s e n t i a l l y  a chemical union -  ra th e r  i t  seems to  
depend on the nature o f  the  d ip o le .  Thus in  a n i l in e  
the charge on one o f  the p o le s  o f  the d ip o le  i s  d is ­
t r ib u te d  o ve r  a sm a lle r  group than in  d im e th y la n i l in e ; 
a c c o rd in g ly  i t  i s  more ' concent r a t e d '  and a f fo r d s  a 
b e t t e r  p o in t  to  which the e th e r  m olecule can a tta ch  
i t s e l f .  S im i la r ly  w ith  ch lorobenzene and b en za ld e -  
hyde, the compound w ith  the sm a lle r  group as su b s t itu t
48.
ent
a sso c ia te s  whereas th a t  w ith  the r e l a t i v e l y  la r g e  group,
I
CHQ^does n o t .
I t  appeared in t e r e s t in g  to  t r y  to  ob ta in  
fu r th e r  ev id ence  th a t  these d i f f e r e n t  kinds o f  assoc ia ­
t io n  can take  p lace  from m ixtures o f  l i q u id s  which 
would be expected , from chemical e v id en c e ,  to  show
some tendency to  combine. With th is  in  v i e w ,m ixtures
o f
o f  aniXi-ne -  m .c res o l  and/acetone -  ch loro fo rm  (wh ich  
under c e r ta in  con d it ion s  form a compound ) were in­
v e s t i g a t e d ;  the r e s u l t s  are g iv e n  in  ta b le s  26 and 27 
and curves o f  d i e l e c t r i c  constant aga in st  vo lu m etr ic  
com position  are drawn in  f i g s .  18 and 19.
Table 2 6 1
P e r c e n t .  C o m | \ .  b y  V o l u m e .
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Talóle 26. Acetone -  Chloroform Temp- 1 7
Comp, "by Comp.Toy ic.Otos. K .c a lc . 1c. otos
V o l. w t . - 1 .  c a lc .
0 0 4. 85
20 12.5 9.37 8.06 4-1.31
40 26.1 12.84 11.27 +1.57
60 44. 3 15.67 14.47 +1.20
80 68.0 18.32 17.68 + .64
100 100 20.89
Tatole 27 m -Cresol -  A n i l in e Temp - 17
Comp.toy Comp, toy ic.otos. K . c a l c • le» otos.
V o l. w t. - 1 .  c a lc
0 0 7.04
20 20.0 7.87 8.23 -  ,36
40 40,0 8.62 9.42 -  .80
50 49.9 9,03 10.01 -  .98
60 60,0 9.47 10.60 - 1 . 13
80 80.0 10.45 11.79. -1 .3 4
100 100 12.98
From these f i g u r e s ,  i t  i s  seen tha t the two 
m ixtures "behave in  e x a c t l y  op pos ite  manners; whereas 
the acetone -  ch lo ro fo rm  mixture g iv e s  a curve concave 
to  the a x is  o f  c o n c en tra t io n ,  the va lu es  b e in g  g r e a t e r  
than those requ ired  by the m ixture ru le ,  the c r e s o l -  
a n i l in e  m ixture g iv e s  a convex curve due to  a d im in­
u t io n  o f  d i e l e c t r i c  p r o p e r t ie s  on m ix ing. That th is  
is  in  e x c e l l e n t  agreement w ith  what has a lrea d y  been 
sa id  re ga rd in g  the d i f f e r e n t  Kinds o f  a s s o c ia t io n  is  
e v id e n t  from  fu r th e r  c o n s id e ra t io n  c f  the nature o f  the 
components o f  the m ix tu res . i t  seems from  t h e i r  
d i e l e c t r i c  behaviour tha t c r e s o l  and a n i l in e  a s so c ia te  
accord ing  to  the f i r s t  t y p e ;  th is  is  r e a d i l y  under­
stood as these two substances have m olecu les o f  
approx im ate ly  the same s iz e  and the d ip o le s  w i l l  have 
much the same p o s i t i o n  in  each. The m olecu les  w i l l  
thus be ab le  to  f i t  together^  in  the same way as 
m o le cu le s o f  the  same Kind can ?causing a d im inution  
o f  d i e l e c t r i c  constan t. On the o th e r  hand acetone 
an/1 ch loro fo rm  have m olecu les  b ea r in g  no r e la t io n s h ip  
to  one another in  s tru c tu re  and the d ip o le s  w i l l  be
d i f f e r e n t l y  s i tu a te d ;  the m olecu les a s so c ia te  t h e r e f o r e ,7 7
accord ing  to  the second type and a r i s e  in  d i e l e c t r i c  
constant i s  g o t  due to. the form ation  o f  t h i s  type o f  
a s s o c ia t io n  complex as a lread y  exp la in ed .
From the r e s u l t s  o f  these e th er  m ixtures 




concluded., then , th a t  the  in f lu en c e  o f  a s s o c ia t io n  
on the d i e l e c t r i c  constant depends on the type o f  
complex formed and may lea d  e i t h e r  to  an in c rease  
o r  decrease o f  d i e l e c t r i c  constan t.
’
52.
Summary o f  Resu lts  ob ta in ed  from the D i e l e c t r i c  
Constants o r  Mixed Organic L iq u id s .
( I )  Ror an id e a l  s o lu t io n ,  the d i e l e c t r i c  constant
fo l lo w s  the simple v o lu m e tr ic  m ixture rule^
k -  v . * .  + jSa. 
v , + *
( 2 )  D ivergences  from  th is  ru le  have been shown to
he due to two causes: ( a )  p h y s ic a l  causes
wharehy the m olecu les in  the m ixture behave
d i f f e r e n t l y  from t ass -s s  in  the pure s ta t e  due 
a
to  having d i f f e r e n t  thermodymanical en v iron -
i
ment (h ) chem ical causes due to  a s s o c ia t io n  
ta k in g  p la c e  on m ix ing. 
tK.e
( 3 )  Rurther^r& esu lts  show th a t ,  w h i le  a s s o c ia t io n  
tak in g  p la c e  hetween m olecu les o f  the same 
kind produces a low e r in g  o f  d i e l e c t r i c  
cons tan t, another kind o f  a s s o c ia t io n  may 
take p la ce  between m olecu les  o f  d i f f e r e n t  
kinds causing a r i s e  in  d i e l e c t r i c  -constant. 
In t e r e s t in g  l i g h t  has been thrown on the con­
d i t i o n s  determ in ing  which o f  the two types 
o f  a s s o c ia t io n  occur.
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D e r iv a t iv e s .
The D ie le c t r ic  Constants o f D isubstituted Benzene
The most Important use to  which the d i e l e c t r i  
constant may he a p p l ied  i s  to  determ ine whether a 
m olecu le has a f i n i t e  e l e c t r i c  moment o r  n o t .  Mole­
cu les  which have such a moment tend to s e t  under an 
e l e c t r i c  f i e l d  and t h i s  s e t t in g  w i l l  co n tr ib u te  to  
the d i e l e c t r i c  p r o p e r t ie s  o f  the m o lecu les ; hence 
such m olecu les w i l l  g i v e  an abnormally h igh  va lu e  to  
the d i e l e c t r i c  cons tan t. I t  i s  fqfind th a t ,  whereas 
benzene i t s e l f  i s  a substance w ith  a low v a lu e , the 
in t r o d u c t io n  o f  a su b s t itu en t in to  the r in g  produces a 
substance which has a h igh  d i e l e c t r i c  constan t and 
which departs  w id e ly  from M axw e ll 's  Law ( i . e .  the 
d i e l e c t r i c  constant should equal the square o f  the 
r e f r a c t i v e  in d e x ) thus in d ic a t in g  th a t  the m olecu le  
possesses a f i n i t e  e l e c t r i c  moment, Eo sys tem atic  
attempt has y e t  been made; however; to  determ ine what 
the e f f e c t  o f  In trod u c in g  another su b s t itu en t  in to  the 
r in g  i s  on the moment. I f  bo th  su b s t itu en ts  are o f  
the same k in d , then one should expect th a t  th e  para 
compound, which has the most symmetrical m o lecu le ,  w i l l  
have the sm a lle s t  and the o r th o ,  be in g  l e a s t  s ym p tr ic a l ,  
the g r e a t e s t  moment, and consequently  the d i e l e c t r i c  
constants snould snow s im i la r  v a r ia t io n s .  Th is v iew  
is  v e r i f i e d  f o r  the x y len es  f o r  which da ta  are 
a v a i la b le  /
a v a i la b le .
o . Xylene =- 2,55 ( Landolt and. J a n n ,ze it  . fu r  Pays. Chem.
10.,289 )
m,Xylene - 2.-38 (T u rn e r , i b i d ,35,385 )
‘
p .x y le n e  = 2.22 (L a n d o it  and Jaiin l o c . c i t ,  )
R ec en t ly ,  however, J. -I. Thomson ( Ph il.M ag . 1923 ,46,49.7 ) 
has made an in t e r e s t in g  su gges t ion . he cons iders  
that the e l e c t r i c a l  e f f e c t . . o f  r e p la c in g  an atom o f  
hydrogen by another atom o r  r a d ic l e  may be rep resen ted  
by the in tr o d u c t io n  o f  an e l e c t r i c  doub let a t the 
hydrogen atom. The s ign  o f  t h i s  doublet w i l l  
de-pend on the nature o f  the su b s t itu en ts  and he 
d iv id e s  the r a d ic le s  in to  two main types  accord ing  
to the nature o f  t h e i r  e l e c t r o n  c o n f i g u r a t io n : -  
( I  ) those r a d ic le s  and atoms form ing a system 
which re q u ir e s  an e l e c t r o n  to  forma complete o c t e t  
(h a logens  OH. ,CH ). ( 2 )  tnose r a d ic l e s
in  which there  i s  one e le c t r o n  e v e r  a f t e r  p r o v id in g  
f o r  complete o c t e t s .  (U02 , CQOH,ChO ,CN ). The 
p o s i t i v e  end o f  the  doublet w i l l  be toward the m oiecu l 
w ith  which the r a d ic le  i s  combined i f  the su b s t itu en t 
i s  o f  the f i r s t  ty p e ,  but the d i r e c t i o n  i s  the o p go s it  
one f o r  the second group su b s t itu en ts .  The e l e c t r i c  
moments o f  the th ree  d is u b s t i tu te d  benzene isomers 
w i l l  in  g e n e r a l?be d i f f e r e n t  and, when t h i s  id ea  is  
ap p l ied  to  sucn d e r i v a t i v e s ,  there  are  two p o s s i b i l i t i e s .  
I f  the su b s t itu en ts  are o f  the same type tnen the 
moment o f  the ortho should be g r e a t e s t  and the para 
le a s t  w ith  the meta compound occupying an intermed­
ia t e  /
54»
interm ediate  p o s i t i o n .  I f ,  However, thetwo s u b s t i t ­
uents are o f  d i f f e r e n t  types then the e f f e c t  o f  the 
two groups in  the para p o s i t i o n  w i l l  not be to  oppose 
but to r e in fo r c e  one another and th u s ,  in  t h i s  e a s e ,  
the para w i l l  have the g r e a te s t  moment and the ortho  
the l e a s t .  This su g g e st io n  i s  i n t e r e s t i n g  but i s  
based on p u re ly  t h e o r e t i c a l  grounds and., w ith  the 
o b je c t  o f  t e s t in g  i t ,  an in v e s t ig a t io n  o f  the d i ­
e l e c t r i c  con stan t o f  d is u b s t i t u t e d  benzene d e r iv a t iv e s  
has been c a rr ie d  o u t .
55«
Experim ental P art.
In  the s o l i d  s t a t e  m olecu les are held  in
f ix e d  p o s i t io n s  by the fo r c e s  o f  o th er  m olecules and
the,
consequently  have n ot/freed om  to s e t  in  an e l e c t r i c  
f i e l d  which they possess in  the l iq u id  s t a t e ;  The 
d i e l e c t r i c  constant o f  a substance in  the s o l i d  s ta te  
i s  a ccord in gly  much l e s s  than in  the l i q u i d  s ta te  and 
i t  i s  th e re fo re  necessary  to  compare the d i e l e c t r i c  
con stan ts  o f  the three isomers a l l  in  the l i q u i d  s ta te »  
(The i d e a l  method would be to compare the d i e l e c t r i c  
co n sta n ts  i n  the gaseous s ta te  but the determ inations  
or the d i e l e c t r i c  con stan ts  o f  vapours i s  somewnat 
d i f f i c u l t  to carry out ) The choice o f  isom ers i s  
somewhat/
somewhat l im ite d  on t h is  account as there are v ery  few  
In stan ces  o f  three l i q u i d  isom ers. In s e v e r a l  cases, 
however, there i s  on ly  one s o l i d  isomer in  the three  
which moreover has a low m eltin g  p o in t .  I t  w as? 
th e r e fo r e  decided to carry  out the d eterm in ation s at  
a temperature which would allow  f o r  the in c lu s io n  as 
l iq u id s  o f  these low m eltin g  p o in t  s o l i d s .  As the 
C e ll  p r e v io u s ly  d escr ib ed  could only  be used e a s i l y  
at room tem perature, i t  was n ecessary  to  con stru ct  
a c e l l  capable o f  g iv in g  r e s u l t s  at h igher temp­
era tu res  i . e .  which could be immersed in  a th erm o stat.  
C on stru ction  o f  Experim ental C e l l .  The d i f f i c u l t y  
o f  c o n stru c tin g  such a c e l i  c o n s is t s  i n  the nature o f  
the le a d s  from the e le c t r o d e s ;  i f  a c e l l ,  such as the 
one a lread y  described  (|l5, ) be immersed i n  a therm ostat  
then the lea d s  w i l l  requ ire  to be brought out through  
the therm ostat l i q u i d .  Now i f  t h is  l a t t e r  i s  w ater ,  
tne c a p a c ity  between the lea d s  i s  g r e a t ly  in crea sed  
and, what i s  more, s u b je c t  to  a marked degree to  
s l i g h t  f lu c t u a t io n s  o f  temperature owing to the high  
temperature c o e f f i c i e n t  o f  the d i e l e c t r i c  constant o f  
w ater. On the o th er  hand, i f  the lead s be brought  
out i n  the c e l l  i t s e l f ,  they w i l l  o f  n e c e s s i t y  be 
f & ir iy  c lo s e  to geth er  and a cco rd in g ly  a fd l .r  c a p a c ity  
w i l l  je x ls t  between them,which in trod u ces  the o b je c t ­
ions mentioned in  p . 4 .  Both types o f  c e l l  have been  
tr ie d  but the l a t t e r  was found to be most s u i t a b le .  
The/
The c o l l  used i n  the s e r i e s  o r  determ inations to  he 
describ ed  now i s  rep resen ted  in  r i g 20. The e l e c t -
  ̂ rodes c o n s is t  or  two
c o n c en tric  c y l in d e r s
57,
&la.ss C e ll
made o r s i l v e r  and h eavily  
g i l d e d -, the le a d s  are
f
'C 'v lxud  r i.c .a l „  , ,  _5 v , I a i r l y  stou t rods orElect-fodes
s im i la r  m a te r ia l  and are 
IG . X O .  brought out as shown
through a cement made or l i t h a r g e  and g ly c e r in e  which  
keeps the e le c tr o d e s  in  p o s i t i o n  and ru n ction s a lso  
as the l i d  or the c e l l .  Contact to these  le a d s  i s  
made by means or mercury cups. The cement used was 
round to  be q u ite  s u i t a b le  b ein g  very  hard and a ls o  
a good in s u la t o r  ror high  rrequency c u r r e n ts ;  i t  was, 
however, attacked  s l i g h t l y  by some h y d ro x y lic  substances  
In order to  t e a t  the c e i l ,  the ca p a city  or i t  contain ­
ing methyl benzoate was taken s e v e r a l  times w ith  i'resh 
q u a n t i t ie s  or substance on each o c c a s io n . V a r ia t io n s  
at r i r 8 t  were g o t  but th ese  were round to be due to  
d irre re n ce s  i n  the q u a n tity  or l i q u i d  in  the c e l l .  
Accordingly , a c e r t a in  volume or l iq u id  was taken each  
time and the ro llo w in g  va lu es  were g o t ; -
5.70, 6.70, 6.69, 6.71, 6.68, 6.69.
These i ’ ig u res  show th a t  the c e l l  i s  capable or  g iv in g  
q u ite  reproducible  r e s u l t s ;  the d i e l e c t r i c  constant  
however can not be obtained d i r e c t l y  rrom the ca p a city  
o r the c e l l  co n ta in in g  the substance as there i s  a 
c a p a city  /
c a p a c ity  between the upper p a rts  o f  the le a d s  whiOh i s  
added each time to the cap acity  \properJ  o f  the c e l l  
"between th ja  e le c t r o d e s .  I t  was accordingly^ nec­
e ssa ry  to c a l ib r a t e  the c e l l  w ith  l iq u id s  o f  known 
d i e l e c t r i c  c o n sta n t.
Me tho d o f  C a l  lb rat ion* The d i e l e c t r i c  con stan ts
o f  a number o f  l i q u i d s  (ben zen e, methyl benzoate
.
and ben zyl a l c o h o l ) were obtained at the temperature^ 
at which determ inations were to be c a rr ie d  out ( 56fe 
by means o f  the c e l l  used p r e v io u s ly .  This c e l l  was 
put i n  a g la s s  beaker immersed i n  a tnermostat at the 
requ ired  temperature and , a f t e r  two nours had been 
allowed fo r  the temperature to reach e q u il ib r iu m , the 
ca p a city  was determined as describ ed  p r e v io u s ly ,  
g iv in g  the d i e l e c t r i c  constant a t  th at tem peratures.  
These v a lu e s  are s u b je c t  to a s l i g h t  e rro r  s in ce  the  
ca p a city  o f  the c e l l  w ith  a i r  a t  58°has been taken as 
the same as at room tem perature; the temperature  
c o e f f i c i e n t  o f  the d i e l e c t r i c  constan t o f  a i r  i s  very  
sm all however and the on ly  change n ecessary to con­
s id e r  w i l l  be due to expansion o f  the g l a s s ;  fo r  as 
sm all a range as 4 0 °  t h is  change w i l l  be very s l ig h t c  
and w i l l  not ex ert  an ap preciab le  d i f fe r e n c e  in  the 
c a p a c ity  except fo r  substances o f  h igh  d i e l e c t r i c  
constant* The c a p a c ity  o f  the new c e l l  con tain in g  
a c e r ta in  volume o f  these  l iq u id s  at tne same temp­
erature was taken and 'a  graph was drawn on a la rg e  
sc a le  o f  d i e l e c t r i c  constant against capacity o f  new 
c e l l  /
5,8 a

c e l l  co n ta in in g  su b sta n ce ; a reprodu ction  o f  t n i s  
graph is  g iv e n  in  g i g . 21. The d i e l e c t r i c  con stan t  
could then be read d i r e c t l y  from the graph merely by 
o b ta in in g  the ca p a city  o f  tne c e l l  w ith  su b stan ce .
Care had to  be taken throughout the d e te rm in a tio n s , to  
be d escrib ed  now, always to  introduce the same amount 
o f  l i q u i d  in to  the c e l l ;  t h is  was always done by  
p ip e t t in g  the requ ired  volume ( 2 . 2  c . c .  was the 
volume taken and as 10 c .c .w e r e  required f o r  the oth er  
c e i l ,  t h i s  new p a tte rn  i s  very much more economical 
in  m a te r ia l  than the la t te r .)
P reparation  o f  Isom ers.
Some d i f f i c u l t y  i s  always experienced  in  
o b ta in in g  o r th o , met a and para compounds f r e e  from 
one another owing to the marked resemblances which  
t h e ir  p h y s ic a l  p r o p e r t ie s  have. The method used 
h e r e in  c o n s is te d  o f  p u r ify in g  the t o iu id in e s  and where 
p o s s ib le  o b ta in in g  the compounds d e sire d  from them bji 
means o f  the d iazo  r e a c t io n .
o .T o lu id ln e  was p u r i f ie d  by means o f  a method 
described  by Lewy (B e r .  , 1 8 8 6 Sil9 ,a i? I7  ). The phosphate  
o f  o . t o i u M i n e -  i s  r e a d i ly  s o lu b le  in  cold water where­
as that o f  p . t o l u i d i n e  i s  almost i n s o lu b le ;  a lso  when
o .t o i u i d ln e  phosphate i s  trea ted  w ith p - t o lu i d i n e  or  
a n i l i n e ,  the o . t o l u i d i n e  i s  l ib e r a t e d  as f r e e  base 
and the o th er  base forms a s a l t .  Advantage was taken  
o f /
59.
o f  th ese  f a c t s  to p u r i fy  o . t o lu i d i n e  by means o f  
t r e a t in g  i t  w ith  sy.rupy phosphoric a c id ,  adding water  
and a llow in g  to stand o v e rn ig h t . The o . t o l u i d i n e ? 
a f t e r  se p a r a t io n  and drying^was found to b o i l  f a i r l y  
c o n s ta n t ,  B .P . 19 2 ,2 °  -  1 9 2 .8  jffp* a c e t y l  d e r iv a t iv e  
= 1 1 1 ° .  Before determ ining the d i e l e c t r i c  constant  
t h i s  l i q u i d  was f r a c t i o n a l l y  d i s t i l l e d  and a nearly  
c o lo u r le s s  l iq u id  was o b ta in e d , b .p ,  2 0 0 ,7  ( p r e s s .  
758mm.
m .T o lu id in e . No s u ita b le  method i s  g iv e n  in  the 
l i t e r a t u r e  f o r  the p u r i f i c a t i o n  o f  m .to iu id in e  but a 
pra&tjicai method was obtained f o r  m .n itr o to lu e n e .
The method ( R e i s s e r t ,  B e r . ,1 8 9 7 ,¿ 0 ,1 0 3 0  ) c o n s i s t s  o f  
condensing m .n itro to lu e n e  w ith  sodium othoxlde and 
d ie t h y l  o x a la t e .  The ortho and para n itr o to iu e n e s  
r e a c t  thus NQa CfaHu.CH3 + m c ali50,CO.COOCaiI5 — ->
C H OH + NO C,H CH CO. COO C H ,0. is 2- 2
y i
n itro p h en y ip y ru v ic  acid| whereas the meta compound 
does not r e a c t  at a l l .  On condensation taking  
place the l i q u i d  turns a deep red colour due to the 
sodium s a l t  o f  the above a c id ;  to ensure that the 
r e a c t io n  was going prop erly  a condensation was 
c a r r ie d  through u s in g  B .D .E . m .n itro to lu e n e  and h a l f  
m olecular q u a n t i t ie s  o f  the other r e a g e n ts ,  a very  
deep red a o lo u r a tio n  was g o t ;  the product so obtained  
was again  condensed u sin g  h a l f  m olecular q u a n t i t i e s ,  
but .th is  time only a f a i n t  red co lo u r  was obtained




compounds, had been removed. m.N itro to lu e n e  a f t e r
toeing tr e a te d  in  t h i s  way was recovered and reduced 
to m. to  l u i  dine by means o f  iro n  and a c e t ic  acid ;-  
the compound so obtained was used fo r  d i a z o t l s a t l o n ,  
b ,p .  2 0 2 * 5 °“  2 0 3 °  m*p. a c e ty l  d e r iv a t iv e  = 6 7 Por  
the d i e l e c t r i c  constant determ inations the l i q u i d  
was s t i l l  fu r th e r  p u r i f ie d  by d i s t i l l a t i o n  u n t i l  
a n ea rly  c o lo u r le s s  l iq u id  was g o t ,  b.p*. 2 0 3 °“  203 . 2 ° 
( (p r e s s .  = 7 5 5 ..  mm. ).
p .T o lu id in e , This isomer i s  e a s i l y  p u r i f ie d  by 
means o f  c r y s t a l l i s a t i o n  which was ca rr ied  out twice  
from aqueous a lc o h o l .  B e a u t i fu l  wh^ite c r y s t a ls  
were o b ta in e d , m .p .=  4 3 .5  , m.p. a c e t y l  d e r i v a t i v e s  
1 4 9 °  . Before the d i e l e c t r i c  constant was determined  
the p .t o iu id in e  was f r e s h ly  d i s t i l l e d  b .p .  = 2 0 0 . 5 °
( press* =  7 51 - mm.).
O hiorotoluenes» The three c h lo ro to lu en e s  were 
p r e p a r e d  from the r e s p e c t iv e  t o lu id in e s  by means o f  
Sandmeyer r e a c tio n s ;-  in  each case the compounds were 
f r a c t io n a te d  u n t i l  a constant b o i l i n g  f r a c t i o n  was 
o b ta in ed .
ortho. b .p .  = 1 5 8 .8  — 159°
mata. b .p .  =  I 6 i . 2 °  ( p r e s s ,  =-736 mm. )
para b .p ,  =  1 6 1 ,2 ° -  1 6 1 .4  ( p r e s s .  =  744 mn* )
Brom otoluenes. The three broraotoluenes were 
obtained by the same methjod as fo r  the c h lo r o -  
to iu e n e s /
to lu e n e s .
ortho b .p » =  179*2  -  1 7 9 -4  (p r e s s .  = 7 3 6  mm. )»
meta P .p .  = 1 8 3 .5  ~ 1 6 3 .8 °  (p r e s s  = 760 mm. ).
para m.p* = 2 4 * 5 °
H itr o to iu e n e s .  Ortho. No s u ita b le  chemical
method amongst those g iv en  in  the l i t e r a t u r e  could he 
obtained fo r  the se p a ra tio n  o f  sm all amounts o f  para  
from o - n i t r o toluene ( c f .  van der Arend R ec .T ra v .P a y s ,  
Bas ,1 9 0 9 ,2 8  410 ). The commercial prod u ct, however, i s  
p u r i f ie d  by fr e e z in g  out the para compound and a 
sample ofbtained from B.D.H. was found to b o i l  only  
s l i g h t l y  above the value g iv e n  in  the l i t e r a t u r e  
( t h j3  b o i l i n g  po in t o f  the para compound i s  much 
higher i . e .  2 3 8 ° ) ,  This product was fr a c t io n a te d  
three:- times u n t i l  a f a i r l y  constant b o i l i n g  f r a c t io n  
was o b ta in e d , b .p .  2 2 1 . 5 ° -  222° ( p r e s s ,  =  747 mm. J 
To mate sure i t  was q u ite  dry , the l iq u id ^ b e fo r e  u se ? 
was d i s t i l l e d  under reduced pressure over , both  
the meta and para compounds being tre a te d  in  tne 
same way.
M e ta -n ltr o to iu e n e , was p u r i f ie d  as a lready des­
cribed  and fr a c t io n a te d  s e v e r a l  times u n t i l  a constant  
b o i l i n g  f r a c t io n  was o b ta in e d , b .p .  = 2 3 1 . .5 ° -  232 ,
Para, The B.D.H. product a f t e r  r e c r y s t a l l i z a t i o n  
from a b solu te  a lc o h o l  was found to melt qu^ite- sh arply  
at 5 1 ,5 °  . (Fhe va lu e  g e n e r a lly  quoted in  the  
l i t e r a t u r e  54 °? appears to be erroneous fo r  R intoul
( -I* I
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( J .S oc .C h em .In d . 1 9 1 6 ,3 4 ,6 0 )  a f t e r  s e v e ra l  c r y s t a l -
o  O
1 2 at ion s  o b t a in e d ^  valiue o f  5 1 .6  -  5 1 .9  and 
Halieman ( Rec. Trav.Pays Bas. 1 9 1 4 ,3 3 ,5 )  q u ite  independ 
e n t ly  found a value o f  5 1 . 4 °  ISaevalue found here  
i s  i n  e x c e l le n t  agreement w ith  th ese  va lu es  and the e 
B.D.H. substance r e c r y s t a l l i z e d  from a ls o iu t e  a lc o h o l  
and d i s t i l l e d  under reduced pressure over P 0 was 
used.
C r e s o ls . Ortho and Para. The B .D .H . products  
o f  Both tnese  isom ers were d i s t i l l e d  under reduced  
pressure over Pa0 s ; both l iq u id s  s o l i d i f i e d  r e a d i ly  
on seeding hut n e ith e r  gave sharp m eltin g  p o i n t s ,  
o r t h o , m .p. = 2 9 . 7 °  p a ra , m .p .= 3 3 .2 °  As the b o i l i n g
p o in ts  o f  each were q u ite  sharp t h is  la ck  o f  sharpness  
in  the m eltin g  po in t was probably due to  the s o l i d s  
absorbing m o is tu re .o n  being introduced in to  the m elt­
in g  p o in t  tube as b oth  are very h y g ro sc o p ic . In 
order to make sure that the substances used were quite ' 
dry., im mediately b e fo r e  use they were d i s t i l l e d  over  
P2 under reduced p re ssu re .
ortho b .p .  =  7 5 . 5 °  ( p r e s s .  = 1 0  mm. ).
para b .p .  =  8 7 .5 °  (p r e s s  =  10 mm. ).
Meta. m. c r e s o l  was obtained from m. t o lu id in e  
by means o f  tne diazo r e a c t io n .  I t  was d i s t i l l e d  
twice under reduced pressure and then f i n a l l y  over  
P 0S » Tne sample was s t i l l  s l i g h t l y  y e l lo w  coloured  
but the b o i l i n g  p o in t  was co n sta n t.
b .p .  -  8 7 .5 °  (p r e ss  = 10 mm. )
Diciilorobenzan.es /
63.
DlchloroBenzenea Qrtho and Para. The B.D.H«
products or  ortho and para dichloroBenzene were 
employed; Both were r e d i s t i l l e d  and constant B o i l in g  
f r a c t io n s  were obtained  in  each c a s e .  The para  
compound was found to melt q u ite  sharply at the value  
quoted in  the l i t e r a t u r e .  Before use Both were 
d i s t i l l e d  over PaQs .
ortho B .p .  = 1 7 7 . 5 -  17 8 ° ( p r e s s .  =750 mm. )
= 58 ° (p r e ss  = io  mm. )
para B .p .  = 1 7 3 .5 °  (p r e ss  =750 mm. )
m.p, =• 5 3 °
The Meta compound was prepared from m .c h lo r a n ilin e  
By means o f  a Sandmeyer r e a c tio n  and a f t e r  se v e r a l  
fr a c t io n a t io n s  a constant B o i l in g  f r a c t i o n  was ob tain ­
ed , which, B efore u s e ,  was l ik e w is e  d i s t i l l e d  under 
reduced pressu re  over  P^O^ .
B .p . = 1 7 2 ° -  1 7 2 .2 °  (p r e ss  = 7 5 2  mm.)
=  5 5 .5 °  ( p r e s s .  = io  mm. )
Chlorophenols Ortho and para chlorophenols
were obtain ed  from B .D .H . and were t r e a t e d  In  the  
same way as the d ichloroB enzenes.
ortho B .p ,  = 1 7 5 .3 ° -  1 7 5 .5 °  ( p r e s s =750 mm. ) 
para B .p . -  2 1 7 . 5°~  218° ( p r e s s =750 mm. )
64.
The d i e l e c t r i c  constant o f  the above sub­
stan ces have a l l  been determined at 58°±-2° and the  
r e s u l t s  are g iv e n  in ta b le  2 8 ;  each value was checked 
by the r e p e t i t i o n ,  i f  n ecessary  more than o n ce , o f  the 
determ in ation  w ith  a f r e s h  q u a n tity  o f  su b stan ce .
The v a lu e s  f o r  the m onosubstituents have a ls o  been  
determ ined, the substances in  each case bein g  c a r e fu ll ,  
p u r if ie d  and, fo r  comparison, the r e s u lt s  are a lso  
g iv e n  in  t h i s  t a b le .  as there are s l i g h t  d i f fe r e n c e s  
in  d e n s ity  between the d i f f e r e n t  isom ers which w i l l  
cause a d i f f e r e n t  number o f  m olecules to be present in 
u n it  volume o f  each , d en sity  determ inations were 
c a r r ie d  out at 58° by means o f  a pyknometer and the 
r e s u l t s  are g iv e n  i n  the f i r s t  column. The valu es  
o f  the d i e l e c t r i c  constant occupy&the second column,
V  *  M
in  the th ir d  there i s  g iv e n  the q u a n tity  —
i . e .  the d i e l e c t r i c  constant estim ated f o r  the same 
number o f  m olecules as advocated by J. J, Thomson 
( l o c . c i t *  ), and in the l a s t  column, the q u a n tity
65.
Dielectr ic  Constant Determinations.
iC *■’• T T'.f
^ 2 cT j the m olecular p o la r i s a t i o n  according to
Ebert ( i o c . c i t *  ) which w i l l  be d isc u sse d  l a t e r ,
The v a lu e s  o f  the v a rio u s  q u a n t i t ie s  fo r  benzene,  
to lu en e  and the x y le n es  were obtained from Landolt  
B ern stein  Tabellen  and are added in  ta b le  29 ,
Table 2 8 1
Tattle 28. Values of the Dielectric constant.
Temii .  =  58
0
Wave len g th =  95 rne






o . Dichloropenzene  
m. Di ciilo ro "benzene 
p.D ichlorohenzene
1 .0 6 4  
1 .2 5 6  
1 .2 4 4  
I .  248
5. 23 
7 .0 0  










A n ilin e  
c.T cìu icU n e  
in. T o ltif lin e  
p .T o lu id ln e
»988?  













6 6 .7  
63. 3
Nitropenzene  
c .N it r o to lu e n e  
b .  N itro to lu en e  
p. N itro to lu en e
1 . 165  
1 . 126  
1 . 121 
1 . 117
2 8 .0 0  
2 1 .6 1  
2 1 .8 6  . 






1 0 6 .3  
106. 9 
1 0 7 .5
Chloropenzene  
o. Ciiloro toluene  
lu. Culo roto  lue ne 
p. Ciilorotoìuene
1 .0 6 4  
1 .0 4 4  
1 .0 3 5  
1 . 031
5 .2 3  
4 .1 6  
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in. Bromo to luene  
p.Bromotoluene
1 .4 4 4
1 .3 4 4
1 .3 0 9
I . 3 I 4
4 .  9 2  









7 7 .4  
7 8 .0
P'nenol 
o .C r e s c i  
m. Cresol  
p. C resci
1 .0 7 5  
I .  012  
I .  013  
1 .0 0 4
9 .9 0  
6 .0 2  






6 5 .1  
6 6 .  9 
79. 3 
8 0 .5
0 . Chlorophenol 
p . Chlorophenol
I . 2 I 8
1 .2 4 ?






Tal le  29 Data oi’1 Other I n v e s t ig a t o r s .
Temp, -  20° Wave le n g th  = oO
BuP s t  ance D^° k k/M
~ a ~




.8 7 8 6  
. 8659






o 'X y le n e  
m .xylene  
p.Xylene
.8 6 3 3











According to Thomson's th e o ry , which i t  was 
the o b je c t  o f  t h is  in v e s t ig a t io n  to  t e s t ,  o f  the 
r a d ic le s  contained i n  the above compounds, CH3, C l ,  
B r, UH and OH a l l  belong to the f i r s t  type o f  rad­
i c l e s  and !TOa to the second. A ccordingly  a l l  these  
compounds, w ith  the exception  o f  the n i t r o t o i u e n e s , 
have both s u b s t itu e n ts  belon gin g  to  the same type and 
th e r e fo r e  th  e d i e l e c t r i c  con stan ts  estim ated  fo r  the 
same number o f  m olecules should be in  order o )  m) p .  
I t  was found, however, that only the d ichlorobenzenes  
and the t o lu ld in e s  g iv e  t h i s  o rd e r . The d i e l e c t r i c  
con stan ts  o f  the n itr o to iu e n e s  are in  the order  
oh.mA.p b u t; as in  t h i s  case the s u b s t itu e n ts  are o f  
d i f f e r e n t  t y p e s 1t h i s  order i s  in  agreement w ith  that  
requ ired  by Thomson. The more d e t a i le d  d is c u s s io n  
o f  the v a r io u s  isom ers w i l l  now be divided in to  two 
p a r t s ,  the isomers which agree w ith  Thomson's theory  
bein g  d isc u sse d  f i r s t  and those not in  agreement 
second.
Only tnree o f  tne s e ts  o f  isomers in v e s t ­
ig a ted  fo l lo w  th is  tn e o r y , -  the d ic h lo ro b e n ze n e s , 
t o lu id in e s  and n itr o to iu e n e s .  The agreement o f  the  
dicglorob en zen es i s  most s t r i k i n g .  Thomson con sid ers  
the case e s p e c i a l l y  where both su b s t itu e n ts  are o f  the 
same k in d . n e g le c t in g  tne d e f le c t io n  o f  tne two 




C, d o u blets  due to trie i r  a c t io n  on
f o l lo w in g  e x p ressio n s  making use  
o f  f i g . 2 2 . (  w h e r e  I i s  the
eaon o th e r ,  he a r r iv e s  at the f
moment o f  the doublet f o r  one
s u b s t i t u e n t )
( I )  I f  the two s u b s t itu e n ts  are in  the para pos­
i t i o n  to one another, the r e s u lta n t  moment is
( 2 )  I f  they are in  p o s i t io n s  ortho to one another
( 3 )  I f  they are in  the meta p o s i t io n s  then the
That i s  to sa y , the para su b stitu e n t  d e stro y s  the 
moment and should make the m olecule non p o la r ,  the  
meta compound has a moment n e a r ly  equal in  magnitude 
to the m onosubstituted compound and the ortho has a 
la r g e r  moment . These p r e d ic t io n s  are in  e x c e l le n t  
agreement w ith  the experim ental va lu es  f o r  the 
d ic h lo ro b en zen es . The ortho compound has a d i ­
e l e c t r i c  constant h igh er than chlorobenzene but the 
value o f  the meta compound estim ated  fo r  the same 
number o f  m olecules (column 3 . ) d i f f e r s  o n ly  s l i g h t l y  
from that o f  chlorobenzene' and the value o f  the para  
compound i s  only s l i g h t l y  g re a te r  than th at fo r  
benzene. Analogous r e s u lt s  are' obtained fo r  trie 
x y le n e s  ( t a b le  2 9 )  the para compound i n  t n i s  case  
again  having the s m a lle s t  value and the ortho g r e a te s t  
but /
ze ro .
r e s u lta n t  moment i s  (á + á°<-23 çj«, J
but the agreement i s  b e t t e r  when the moments, c a lc u l ­
ated by the methods to be mentioned s h o r t l y ,  are taken  
The fo i lo w in g  va lu es  are g iven  f o r  the moment in  a 
summary included in  H e n r i 's  's tr u c t u r e  des M o le c u le s '
/J * fo“7 fjX/o'?
Benzene -  2  o .X y le n e  -  5.8
Toluene e 4 . 9  m. xylene ^ 4,6
p .X y len e  = 2 , 3
Thus the moments o f  the met a and para compounds are
approxim ately  equal to  those o f  toluene and benzene
r e s p e c t i v e l y ,  in  accord w ith  the r e s u l t s  obtained w ith  
"five , tolui.dii_n.es a-re urv. a g r « m . « n t  x»sh\:K- t h i .5 1  Keovy -
the dich loroben zen es and w ith  Thomson's theory?•NH,* (V oh
and OH are both  groups belon gin g  to the same type and 
moreover bear a c e r t a in  resemblance to one another in  
s t r u c t u r e ;  the moments or the compounds should there­
fore  be^n the order o^ ml p and t h i s  i s  the order  
which t h e i r  d i e l e c t r i c  con stan ts  are round to be in .
The n i tr o to lu e n e s  which are tne other isom ers obeying  
Thomson's theory have t h e ir  d i e l e c t r i c  con stan ts  in  
the rev e rse  order from the isomers already con sid ered .  
As toluene l a  a substance w ith  a very  sm all moment, th  
doublet rep resen tin g  the in tr o d u c tio n  or a methyl group 
must be sm a ll  and thus the d i f fe r e n c e  o f  e f f e c t  due to  
i t s  v a r io u s  p o s i t io n s  should not be g r e a t .  This i s  
found to be the case w ith  the n i t r o t o lu e n e s , the three  
isomers not showing much d i f fe r e n c e  in  t h e i r  d i e l e c t r i c  
c o n s ta n ts .  The order w ith  the para g r e a te s t  i s  
explained q u ite  sim ply on Thomson's su g g e stio n  that  
th e /
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the dou blet rep resen tin g  the CHS group i s  or a 
d i f f e r e n t  Kind from th a t  fo r  the uoa group and thus 
the two d o u blets  oppose one another in  the ortho  
p o s i t i o n  and r e in fo r c e  in  the p a ra .
Turning now to  the compounds whicn do not 
obey Thomson's th eo ry , these are the c h lo r o t o lu e n e s , 
the brom otoluenes, the e r e s o ls  and the ch lo ro p h en o is .  
In a l l  ca ses  the d i e l e c t r i c  con stan t o f  the ortho  
should be g r e a te s t  and tne para le a s t  but actually^  
i t  i s  found tnat -he order i s  reversed and the ortho  
compounds h a v ^ e r y  much lovirer v a lu e s  than the para*
I t  has a lread y  been mentioned that the CH3 group 
introduced in to  the benzene r in g  causes o n ly  a s l i g h t  
moment. In stead  o f  the Cii3 group e x e r t in g  a very  
sm all e f f e c t  in  the d i f f e r e n t  p o s i t io n s  as one would 
expect and as i s  the case for , the n i t r o t o i u e n e s , i t  
i s  found however th at the in tro d u c tio n  o f  the methyl 
group in  ch loroben zen e , bromobenzene and phenol causes  
markedly d i f f e r e n t  e f f e c t s  according to i t s  p o s i t i o n ,  
the ortho compounds in  a l l  cases having the sm a lle s t  
d i e l e c t r i c  constant and the para g r e a t e s t .  These 
three se ta  o f  isomers then depart w idely  from 
Thomson's th e o iy .  Even i f  i t  be assumed that th is  
d ivergence i s  due to an e rro r  in  the d i v i s i o n  o f  the 
r a d ic le s  and that Ch3 on the one hand,and C l , £ r ,  Oil 
on the o th er  should r e a l l y  be c la sse d  as d i f f e r e n t  
ty p e s ,  one should s t i l l  expect tne chlorophenols to  
f o l l o w /
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fo l lo w  the order suggested hut here again i t  i s  
found th a t  the ortho has a sm a ller  moment than the 
para in s te a d  o f  a la r g e r .  I t  may he q u ite  d e f i n i t e l y  
concluded from these r e s u l t s ,  th en , that Thomson's 
th eory  in  i t s e l f  i s  not s u f f i c i e n t  to  e x p la in  the  
behaviour o f  the d i e l e c t r i c  con stan ts  o f  the d i sub­
s t i t u t e d  benzene d e r i v a t i v e s .  Two con clu sion s may
however be drawn from the f ig u r e s  obtained ( I )  the
»
three isomers show a regu lar  g rad ation  o f  t h e i r  
d i e l e c t r i c  con stan ts  from ortho to para ( 2 ) in  
c e r ta in  cases there i s  an in crea se  and in  oth ers  a 
decrease o f  d i e l e c t r i c  constant in  p a ssin g  from, ortho  
to  -/para»
Up t i l l  now; in  accord w ith  trie method o f  
Thomson the d i e l e c t r i c  constant sim ply estim ated  fo r  
the same number o f  m olecules has been taken as a 
measure o f  trie e l e c t r i c  moment. Trie a c tu a l  t h e o r e t ic a l  
r e la t io n s h ip  between the moment and the d i e l e c t r i c  
con stan t has been derived  by Debye whose equation  and 
e x p r e ss io n  fo r  the moment havebeen g iv en  on p 45, . 
Although h is .  theory holds f a i r l y  s a t i s f a c t o r y  fo r  
gases i t  breaks down when a p p lied  to l iq u id s  as i t  f a i l s  
to  take adequate account o f  the o r ie n tin g  in flu e n c e  
o f  the m olecules upon one another. Gans ( A n n .d .P h y s . ,
1 921 , 6 4 ,  481 ) has developed a more gen era l equ ation
which has the fo r m :-
k r_ X  - JL _  r + A  )
ic + 2 d -  G + T Q sT S '  ‘
where C can be c a lc u la te d  from o p t ic a l  d a ta ,  a,B andy 
a r e /
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are co n sta n ts  which depend On the e l e c t r i c  moment 
and oth er  m olecular con stan ts  and ^ i s  a fu n c t io n  
introduced by Gans in  h is  theory o f  paramagnetism.
This form ula has been m odified  in to  a sim pler  form 
by Smyth ( P h i l  »Mag. 1923 , j ^ ,  8 4 9 )  and, by means o f  i t ,  
he has c a lc u la te d  the moments o f  a la rg e  number o f  
m olecu les ( J.Amer.Chem. Soc. 1 9 2 4 ,4 6 .2 1 5 1 ) .  in  the 
above equ ation  i t  i s  not the d i e l e c t r i c  con stan t  
i t s e l f  which i s  taken to c a lc u la te  the moment but the 
fu n c tio n  l ' d ; ancl 1 1  seems a cco rd in g ly  more
f e a s i b le  to compare t h i s  ex p re ss io n  fo r  v a r io u s  
su b sta n c e s . This q u a n tity  however i s  a measure o f  
the moment produced per gram and to  be r e a l l y  com­
parable  m olecular q u a n t i t ie s  should be taken; the 
v a lu e s  o f .  7~. }.... M have th e re fo re  been c a lc u la te d  and
( I t «  CT •
are g iv e n  in  the l a s t  column o f  ta b le  2 8 .  The use o f  
t h i s  e x p re ss io n  has been advocated by Ebert ( l o c . c i t .  
who terms i t  the m olecular p o la r i s a t i o n .  The v a lu e s  
o f  t h is  e x p re ss io n  fo r  the v a rio u s  isomers have the 
same order as the d i e l e c t r i c  con stan ts  but the 
p o s i t i o n  o f  the m onosubstituent r e la t i v e  to the 
d is u b s t i t u e n t s  i s  changed when t h is  fu n ctio n  i s  used. 
Thus n itr o to lu e n e  has a d i e l e c t r i c  constant estim ated  
f o r  the same number o f  m olecules ( column 3 ) n igher  
than the n itr o to lu e n e s  but the m olecular p o la r i s a t i o n  
i s  sm aller  (column 4 .  ) Since the d i e l e c t r i c  
con stan ts  and consequently  the moments o f  the three  
n itr o to lu e n e s  do not d i f f e r  by much, i t  i s  p rob ab le ,  
from /
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from analogy w ith  "benzene ana to lu e n e , that the 
moment or nitrobenzene w i l l  a ls o  have n e a r ly  the same 
v a lu e .  The m olecular p o la r i s a t i o n  o f  that compound, 
however - i-s found to be sm a ller  than that o f  the n i t r o -
7
to lu e n e s .  I t  does not fo l lo w  from t h i s ,  neverth eless ,  
th a t  the moment i s  a ls o  lower sin ce  no account has 
been taken o f  the q u a n t i t ie s  en te r in g  in to  the r ig h t  
hand s id e  o f  Gangs’ equation  which are a measure o f  
the d i f f e r i n g  m olecular f i e l d s .  how the m olecular  
volume o f  n itrobenzene i s  d i f f e r e n t  from those o f  the  
n itr o to lu e n e s ,w h ic h  are a l l  n early  equal^and i t  i s  
q u ite  probable th e r e fo r e  th at the m olecular f i e l d  in  
the former i s  d i f f e r e n t  from those p r e v a i l in g  in  the  
l a t t e r  l i q u i d s .  Comparisons, o f  the moments o f  the  
mono- and d i -  s u b s t itu e n ts  cannot th e r e fo re  be 
ca rried  o u t ,  w ith  any degree o f  c e r t a in t y ,  m erely from 
the r e s p e c t iv e  d i e l e c t r i c  c o n s ta n ts ;  t h i s  i s  u n fo rt ­
unate as such comparisons are n ecessary  b efo re  any 
co n c lu sio n s  can be drawn regarding tne e f f e c t  o f  
in tro d u cin g  s u b s t i tu e n ts  in  d i f f e r e n t  p o s i t io n s  but,  
b efo re  such can be done determ inations o f  the a ctu a l  
moments must be c a rr ie d  o u t. Although tnere must 
be c e r ta in  d i f fe r e n c e s  due to the varying e l e c t r i c  
moments o f  the isom ers, i t  may be assumed th a t  the  
m olecu lar  f i e l d s  o f  the three isomers are o f  much the 
same nature s in ce  the m olecular volumes and consequent­
l y  the d is ta n c e s  between tne m olecules th e re in  are 
n e a rly  e q u a l.  A ccordingly  the changes in  m olecular  
p o l a r i s a t i o n /
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p o la r i s a t i o n  fo r  the three isomers may be taken as 
in d ic a t in g  a c tu a l changes in  the value o f  the e l e c t r i c
moment.
The number o f  isomers examined and a ls o  the 
la c k  o f  experim ental data  o f  oth er  kinds do not permit  
o f  any gen era l con clu sion s being drawn here as to  
what are the in f lu e n c e s  causing the ortho compound to  
have the g r e a te s t  moment in  some cases but the le a s t  in  
o t h e r s .  Thus no sim ple exp lan atio n  can be g o t  fo r  
the moments o f  the c h lo ro to lu en es  and th ose  o f  the 
t o lu id in e s  being in  d i f f e r e n t  o r d e r s .  There i s  an 
e s s e n t i a l  d i f f e r e n c e ,  however, between the compounds 
which obey Thomson's th eory  and those which do not -  
w ith  the former the f a l l  o f  d i e l e c t r i c  constant from  
ortho to  met.a i s  approxim ately equal to that from meta 
to para but w ith  the l a t t e r  the d i f fe r e n c e  between 
meta and para i s  much le s s  than that between ortho  
and meta, I t  appears th e re fo re  th a t  the CH group 
in  the ortho p o s i t io n  in  the l a t t e r  compounds e x e rts  
a s t a b i l i s i n g  e f f e c t  on the m olecule and tends to 
prevent the p o la r is a t io n  o f  the m olecule as a whole 
by the otn er  r a d i c le .  This a c t io n  by the CH¿ group 
i s  p o s s ib ly  due to %© some induced e f f e c t  on i t  brougb 
about by neighbouring r a d ic le  when the l a t t e r  i s  
C l,B r  or OH but which i s  not exerted  by the rad­
i c l e .  Such an ex p lan atio n , however, in  no way accounts  
f o r  the behaviour o f  the ch loroph en ols . Thus there  
seems no apparent reason why p .ch lo ro p h e n o l should  
have a moment q u ite  comparable w ith  each o f  the 
m on osu b stitu en ts /
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m onosubstituents when p .d ich lorob en zen e  has o n ly  a 
v ery  sm all moment, The e x p la n a tio n  o f  the benaviour  
o r the chloropha.no I s  w i l l  only he p o s s ib le  when oth er  
hi s u b s t i tu te d  compounds have been in v e s t ig a te d  in  
which both  r a d ic le s  as m onosubstituents g iv e  la rg e  
moments.
75.
( 1 )  The d i e l e c t r i c  constants  o f  a number o f
d is u b s t i t u t e d  benzene d e r iv a t iv e s  in  the l iq u id  
s t a t e  have ’oeen determined.
( 2 )  The three isomers shew in  a l l  cases a re g u la r  
g ra d a tio n  o f  t h e i r  d i e l e c t r i c  con stan ts  from 
ortho to para .
( )  in  some cases there i s  an in crea se  and in  oth ers  
a decrease in  p a ss in g  from ortho to para.
( 4 )  Where Doth s u b s t itu e n ts  are the same tne order  
i s  o > m )  p .
( 5 )  A th e o ry ; proposed by Sir  J.J1Thomson; p r e d ic t in g  
what s u b s t itu e n ts  would b rin g  about the two d i f f e r ­
ent grad ation s o f  d i e l e c t r i c  con stan ts  has been  
t e s t e d  but ^although agreement nas been obtained in  
some cases.j t h is  theory has not been able to  
account fo r  the benaviour o f  a l l  the isom ers .
( 6‘ ) D iverg en ces , i t  i s  su g g ested , may be due to  
mutual induced e f f e c t s  o f  tne su b s t itu e n ts  on 
one another.
76,
SUMMARY.'
